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Background: Complications of ultrasound-guided regional anesthesia (UGRA) in the clinical 
setting are severe and frequently related to improper needle tip placement, which is a challenging 
skill for novice student learners. Accordingly, anesthesia education programs are incorporating 
simulation-based teaching methods that use expensive procedural task trainers to aid in UGRA 
training. However, it was unknown if the task trainers with real-time computerized needle tip 
location feedback affect student anxiety and immediate simulated UGRA performance, leaving 
educators wondering if the cost was justified. 
Aims: The purpose of the study was to examine the effects of real-time computerized needle tip 
location feedback on students’ state anxiety and immediate task performance during a simulated 
UGRA training lab.  
Methods: An experimental design with repeated measures was used to assess the effects of real-
time computerized needle tip location feedback on the anxiety and performance of student nurse 
anesthetists during a simulated UGRA training. After completing the Vandenberg and Kuse 
Mental Rotation Test (MRT-A) to assess visuospatial ability, subjects were randomly assigned to 
one of two groups: an experimental group (n =15) receiving standard UGRA training with real-
time computerized needle tip feedback intervention using the Simulab© Regional Anesthesia 
Trainer with SmarTissue or a control group (n =14) receiving standard UGRA training using 
the Simulab© Regional Anesthesia Trainer with SmarTissue. A post performance assessment 
for both groups was conducted by UGRA experts using the assessment checklist (AC) and global 
rating score (GRS) measurement tools. Repeated measures using the State-Trait Anxiety 
Inventory (STAI) Form Y measured state and trait anxiety at time 1 (T1) and state anxiety at 






Results: Statistical analysis included independent samples t-test, mixed regression model, 
multivariate multiple regression, Pearson’s correlation, and structural equation modeling, all 
using a significance level of alpha .05. Based on the current cohort data analysis, using 
computerized needle tip feedback during a UGRA training lab did not show a significant effect 
on changes in student state anxiety scores when compared with the control group over time (p = 
.555). The state anxiety scores of students in both groups increased similarly at T2 and T3 when 
compared to T1. No significant differences were found in the immediate performance outcome 
measures between the experimental and control group when including and controlling for 
covariates (p = .178). Even though the path analysis showed a significant relationship between 
ground and STAI Y1 at T2 (p = .008) and AC score (p = .023), STAI Y1 at T2 showed no 
significant relationship between and the outcome measure scores in the AC (p = .356) and GRS 
(p = .332). Therefore, STAI Y1 was not identified as a mediator between the group membership 
and the outcome measures. 
Discussion: Despite the innovative technology, real-time computerized needle tip feedback did 
not result in improvement in state anxiety or performance in the current study and may not be 
cost-effective for training. Students’ unfamiliarity with the Simulab© Regional Anesthesia 
Trainer with SmarTissue may have resulted in technostress, manifested by significantly higher 
state anxiety in the experimental group compared to the control group at T2 and T3. The higher 
anxiety scores may have negatively affected student performance; therefore, teaching strategies 
should include student preparation for any new technology. The AC and GRS tools were found 
to be reliable UGRA performance measures and their continued use is supported.  
Conclusions: Overall, the intervention did not show a significant effect on changes in student 








I would like to acknowledge everyone who supported me throughout the Ph.D. program 
at UNLV. First, I want to thank my amazing wife, Racheal, for her unwavering support and 
encouragement despite many challenges throughout the program. I appreciate her willingness to 
listen, offer a shoulder to cry on, and celebrate every small victory along the way. She deserves 
an honorary degree for her efforts that went above and beyond being a fantastic wife and mother 
which allowed us to accomplish our educational goal of me earning a Ph.D. Next, I appreciate 
my kids, Caleb, Braden, Ashby, and Austin who were always patient, flexible and stepped up 
when needed allowing me to focus on my Ph.D. at critical times throughout my studies.  
Next, I want to thank my parents, Carol and Jim, who always encouraged me to pursue 
education and taught me that the road might not be easy but hard work and grit always pay off.  I 
also want to acknowledge my extended family and friends who supported me and my family in a 
variety of ways that made earning a Ph.D. possible. I want to thank my mentors in nurse 
anesthesia education, Dr. Foster and Dr. Villanueva, who gave me an opportunity to become a 
CRNA which has blessed me and my family beyond expectations including numerous 
professional and educational opportunities that are still to come.  
Next, I’d like to thank my UNLV School of Nursing family. I want to express my 
profound gratitude to my dissertation chair, Dr. Benfield. Her mentorship and support helped me 
to get through some of the most challenging times in my life personally and professionally. Dr. 
Benfield taught me a lot about myself as a person and is someone I intend to role model to my 
future doctoral students. To my committee members, Dr. Burkard, Dr. Lee, Dr. Kim, and Dr. 
Wulf, thank you for your advice, support, and patience throughout my extended journey. I want 






doctoral work to design and develop my study. I also want to thank Dr. Dingley for her support, 
encouragement, and expertise behind the scenes to always find a path forward to progress in the 
program. Her tireless and selfless work on my behalf allowed me to ultimately earn my Ph.D. 









 I’d like to dedicate my dissertation to my dad. My dad was ecstatic when I was admitted 
into the Ph.D. program at UNLV. Unfortunately, he didn’t get the opportunity to see it through to 
the end. However, I know in his heart, he knew I would finish regardless of what obstacles got in 







Table of Contents 
Abstract ......................................................................................................................................... iii 
Acknowledgements ....................................................................................................................... v 
Dedication .................................................................................................................................... vii 
Table of Contents ....................................................................................................................... viii 
List of Tables ................................................................................................................................ xi 
Chapter 1: Introduction ............................................................................................................... 1 
Introduction ................................................................................................................................. 1 
Background and Significance...................................................................................................... 1 
Statement of the Problem ............................................................................................................ 3 
Purpose of the Study ................................................................................................................... 3 
Research Questions ..................................................................................................................... 3 
Definitions ................................................................................................................................... 4 
Chapter Summary ........................................................................................................................ 5 
Chapter 2: Review of the Literature ........................................................................................... 7 
Introduction ................................................................................................................................. 7 
Feedback...................................................................................................................................... 7 
Visual Needle Tip Feedback.................................................................................................. 10 
Needle Tip Target Feedback .................................................................................................. 13 
Theoretical Framework and Conceptual Model ........................................................................ 16 
Chapter Summary ...................................................................................................................... 17 
Chapter 3: Methods .................................................................................................................... 18 
Introduction ............................................................................................................................... 18 
Design........................................................................................................................................ 18 
Sample and Setting ................................................................................................................ 19 
Inclusion and Exclusion Criteria ........................................................................................... 19 
Sample Size ........................................................................................................................... 19 
Data Collection .......................................................................................................................... 21 
Recruitment ........................................................................................................................... 21 
Informed Consent .................................................................................................................. 21 
Data Collection Day 1: Visuospatial Assessment and Randomization ................................. 22 
Data Collection Days 2–4: UGRA Training Lab and Performance ...................................... 22 






Interrater Reliability Training ................................................................................................ 25 
Safe Practices for Conducting Research ................................................................................ 26 
Protection of Human Subjects ............................................................................................... 26 
Variables ................................................................................................................................ 27 
Independent Variables ........................................................................................................... 27 
Dependent Variables ............................................................................................................. 27 
Covariates .............................................................................................................................. 27 
Instruments ............................................................................................................................ 27 
State-Trait Anxiety Inventory Form Y ................................................................................... 27 
Redrawn Vandenberg and Kuse Mental Rotations Test-A ................................................... 28 
Assessment Checklist and Global Rating Scale for UGRA .................................................. 28 
Intervention ............................................................................................................................ 29 
Demographics ........................................................................................................................ 29 
Operational Definitions ......................................................................................................... 30 
Data Analysis ............................................................................................................................ 31 
Chapter Summary ...................................................................................................................... 32 
Chapter 4: Results....................................................................................................................... 34 
Introduction ............................................................................................................................... 34 
Demographics............................................................................................................................ 34 
Data Analysis ............................................................................................................................ 36 
Research Questions and Hypotheses ..................................................................................... 36 
Chapter Summary ...................................................................................................................... 46 
Chapter 5: Discussion ................................................................................................................. 47 
Introduction ............................................................................................................................... 47 
Interpretation of Findings .......................................................................................................... 47 
Research Question 1 .............................................................................................................. 47 
Research Question 2 .............................................................................................................. 50 
Research Question 3 .............................................................................................................. 53 
Implications in Nurse Anesthesia Education and Research ...................................................... 54 
Strengths and Limitations.......................................................................................................... 55 
Strengths ................................................................................................................................ 55 






Recommendations ..................................................................................................................... 58 
Chapter Summary ...................................................................................................................... 59 
Appendix A: Research Design Schema ..................................................................................... 60 
Appendix B: Data Collection Protocol ...................................................................................... 61 
Appendix C: Participant Demographic Survey ....................................................................... 67 
Appendix D: Theoretical Framework and Conceptual Model ............................................... 68 
Appendix E: Instruments ........................................................................................................... 69 
Mental Rotations Test-A ........................................................................................................... 69 
State-Trait Anxiety Inventory Form Y1 and Y2 ....................................................................... 71 
Assessment Checklist ................................................................................................................ 72 
Global Rating Scale ................................................................................................................... 73 
Appendix F: Instrument Use Table ........................................................................................... 74 
Appendix G: Intervention .......................................................................................................... 75 
Appendix H: Power Analysis Table for Statistical Tests ........................................................ 77 
Appendix I: Simulation Suite Equipment, Supplies, and Setup ............................................. 79 
Appendix J: UNLV IRB Approval ............................................................................................ 82 
Appendix K: SMU Facility Authorization Letter .................................................................... 84 
Appendix L: Study Flyer ............................................................................................................ 85 
Appendix M: Email Form .......................................................................................................... 86 
Appendix N: Informed Consent Email ..................................................................................... 87 
Appendix O: Informed Consent ................................................................................................ 88 
Appendix P: Standard Operating Procedures for Safe Practices to Conduct Human 
Research ....................................................................................................................................... 92 
References .................................................................................................................................... 98 








List of Tables 
Table 1: Gender of students admitted to the Program of Nurse Anesthesia at Samuel 
Merritt University 2015-2020 ..................................................................................................... 20 
Table 2: Demographic characteristics of study participants .................................................. 35 
Table 3: State-Trait Anxiety Inventory Y1 Scores for Control and Experimental Groups at 
T1, T2, and T3 ............................................................................................................................. 38 
Table 4: Mixed Regression Model: Estimates of Fixed Effects .............................................. 39 
Table 5: Assessment Checklist and Global Rating Scale Scores for Control and 
Experimental Groups. ................................................................................................................ 41 
Table 6: Multivariate Multiple Regression Test ...................................................................... 41 
Table 7: Parameter Estimates: Dependent Variable AC Score.............................................. 42 
Table 8: Parameter Estimates: Dependent Variable GRS Score ........................................... 42 
Table 9: Maximum Likelihood Estimates AC Score ............................................................... 44 






Chapter 1: Introduction 
Introduction 
 The most effective way to ensure the optimal deposition of local anesthesia around 
nerves during peripheral regional anesthesia is under ultrasound guidance (Sultan et al., 2012). 
Ultrasonography provides a real-time visual aid for the placement of a needle tip to accurately 
deliver local anesthesia relative to nerves and adjacent anatomy (Johnson et al., 2017). However, 
accurate and consistent visualization of the needle tip with ultrasound guidance can be 
challenging to achieve for novice student learners (Chin et al., 2008). 
Background and Significance 
Ultrasound-guided regional anesthesia (UGRA) requires the nurse anesthesia student to 
coordinate complex hand-eye movements utilizing innate visuospatial ability (VA; Kim et al., 
2014). VA is the ability to manipulate visual and spatial relationships between two- and three-
dimensional objects (Clem et al., 2013). Using VA, students guide a three-dimensional needle tip 
aligned with an ultrasound probe to a two-dimensional image of a cross-sectional anatomical 
target (Barrington et al., 2012). A novice learner's inability to maintain needle tip 
visualization during UGRA can lead to unsafe needle advances during the procedure and result 
in patient injury (Sites et al., 2007). Consequently, concern about patient injury has changed 
anesthesia training practices for UGRA from the clinical setting to the simulation lab (Kim & 
Tsui, 2019).  
Simulation-based experiential learning methods during the initial UGRA training period 
allow for repetitive hands-on practice to improve skills without the risk of harming patients 
(Udani et al., 2015). UGRA skills and knowledge can improve with such learning methods 






since the primary concern during UGRA training with real patients is injury from the needle 
during the procedure, it was crucial to investigate teaching methods using real-time 
computerized needle tip location feedback to minimize this risk.  
Feedback 
 Feedback influences student learning during the training process (Bould et al., 2009). 
Traditionally, needle tip location feedback during UGRA training consisted of observational 
feedback provided by clinical experts. However, this feedback is often unreliable, inconsistent, 
and lacks performance benchmarks (Cheung et al., 2012). Additionally, observational feedback 
is both subjective and objective and focuses on the behaviors that will lead to the success or 
failure of the needle tip proximity to the intended target (Sultan et al., 2012).  
Moreover, observational feedback may be perceived by the learner as directed towards 
themself, which can impair performance and negate “reflection, absorption, and retention of 
knowledge” (Minehart et al., 2014, p. 160). In simulated learning activities, feedback that is 
perceived to be focused on the students’ themselves causes anxiety (Nielson & Harder, 2013), 
and has been described as “an unpleasant inner emotional state characterized by feelings of fear, 
apprehension, uncertainty from the anticipation of a threatening event or situation” (McKay et 
al., 2010, p. 302). Novice learners with high levels of state anxiety perform simulated learning 
activities poorly in comparison to those with low levels of state anxiety (Al-Ghareeb et al., 2019; 
McKay et al., 2010). Because state anxiety is transient and is affected by present feelings and 
occurrences at the moment (Spielberger et al., 1983), a student’s state anxiety may be affected by 
misperceived observational faculty feedback and negatively affect simulated UGRA learning.   
 Feedback that is direct and timely is one of the strongest predictors to improve student 






experiential learning environments with task trainers (Liu et al., 2013). Task trainers are devices 
that help learners develop and practice specific skills. However, it has yet to be determined 
if task trainers, which provide real-time computerized needle tip location feedback, affect student 
state anxiety by standardizing objective performance feedback, thereby eliminating subjective or 
negatively perceived faculty feedback and enhancing student performance of UGRA in 
simulation-based learning environments.  
Statement of the Problem 
Complications of UGRA in the clinical setting are severe and include failed regional 
anesthetic and inadvertent vascular, visceral, or nerve injury (Chin et al., 2008; Sermeus et al., 
2017). Since these complications are related to improper needle tip placement, anesthesia 
education programs are incorporating simulation-based teaching methods that use expensive 
procedural task trainers to aid in the simultaneous hand-eye coordination of interpreting real-time 
two-dimensional ultrasound images while manipulating a needle toward a three-dimensional 
anatomical target (O'Sullivan et al., 2011). However, it was unknown if the task trainers with 
real-time computerized needle tip location feedback affect student anxiety and immediate 
simulated UGRA performance, leaving educators wondering if the cost was justified.  
Purpose of the Study 
The purpose of this study was to examine the effects of real-time computerized needle tip 
location feedback on students’ state anxiety and immediate task performance during a simulated 
UGRA training lab. Ultimately, the findings can be used to enhance teaching and learning in 
simulated UGRA training.  
Research Questions 






Research Question 1: Will students' state anxiety decrease after receiving real-time 
computerized needle tip location feedback during a simulated UGRA training lab? 
Research Question 2: Will students’ immediate performance of a simulated 
UGRA differ between the experimental group, who received real-time computerized needle tip 
location feedback during a simulated UGRA training lab, compared with the control group? 
Research Question 3: Do the student anxiety scores (State-Trait Anxiety Inventory [STAI 
Y1]) at T2 mediate the effect of the intervention on performance scores (assessment checklist 
[AC] and global rating score [GRS]) when controlling for VA?  
Definitions 
By defining the variables in the study conceptually and operationally, the researcher was 
able to provide the meanings and measures of concepts within the study (Gray et al., 2016). 
Conceptual definitions establish a clear and common understanding of the concepts the 
researcher was studying, whereas operational definitions provide the method of measurement for 
the study (Gray et al., 2016). Operational definitions are presented in the methodology section of 
this dissertation. The conceptual definitions used in this dissertation study are listed below. 
Anxiety was defined conceptually by McKay and colleagues (2010) as “an unpleasant 
inner emotional state characterized by feelings of fear, apprehension, uncertainty from 
the anticipation of a threatening event or situation” (p. 302).  
Feedback was defined conceptually in clinical education as “information that a system 
uses to make adjustments to reach a target or goal” (Ende, 1983, p. 777). 
Performance was defined conceptually by the Oxford English Dictionary (n.d.) as “the 






effectiveness of a person in performing an action; specifically, the capabilities, 
productivity, or success of a person when measured against a standard.” 
Visuospatial ability was an individual’s capacity to identify and manipulate visual and 
spatial relationships between two- and three-dimensional objects (Clem et al., 2013). 
Chapter Summary 
 Ultrasonography provides a real-time needle tip visual aid to accurately deliver local 
anesthesia to an anatomical target during UGRA (Johnson et al., 2017). Needle tip visualization 
is possible during UGRA when the ultrasound waves from the probe are in alignment with the 
needle tip and reflect back to the probe. The reflections of the ultrasound waves received by the 
probe generate two-dimension visualization of the needle tip on a display. During UGRA, it is 
challenging to manipulate visual and spatial relationships between two-dimensional images and 
three-dimensional objects while aligning the needle tip with the probe to maintain visualization. 
Losing visualization of the needle tip during UGRA can result in patient injury. Due to the 
potential for patient harm, initial UGRA training has shifted to simulation-based experiential 
learning activities.  
The improvement of simulation-based UGRA experiential learning methods allows 
students to repetitively practice and improve skills without the risk of harming patients (Udani et 
al., 2015). To close the performance gap during UGRA training, faculty provide students with 
observational feedback on needle tip location. However, misperceived faculty feedback may 
affect students’ state anxiety, which may influence UGRA performance (Shafqat et al., 2015). 
Real-time computerized needle tip location feedback is objective, direct, and timely—all strong 






real-time computerized needle tip location feedback on student state anxiety and immediate 







Chapter 2: Review of the Literature 
Introduction 
Chapter 2 offers a review of relevant research studies and theoretical and conceptual 
frameworks that guided the study. A search of the literature was completed using the Cumulative 
Index to Nursing and Allied Health Literature (CINAHL), Education Resources Information 
Center (ERIC), PubMed, PsycINFO, Science Direct, Web of Science, Scopus, and Google 
Scholar. Key search terms used for the literature review included “anesthesia,” “anxiety,” 
“assessment,” “checklists,” “education,” “performance,” “regional,” “simulation,” “student,” 
“ultrasound,” and “feedback.”  
Feedback 
Feedback is an essential tool that helps to eliminate task performance gaps (Nicol & 
Macfarlane-Dick, 2006). Feedback that is specific, objective, direct, and timely are strong 
predictors for improvement in student learning and performance (Minehart et al., 2014). 
Feedback during UGRA training can be subdivided into subjective and objective feedback. 
Observational feedback may be both subjective and objective and is given to the students either 
verbally or by utilizing standardized reliable and valid performance tools. Objective feedback 
can be further subdivided into visual needle feedback and feedback derived from the interaction 
of the needle tip with the intended target.  
Traditionally, instructors give students feedback regarding what is correct and incorrect 
in their work. The feedback focuses on the strengths and weaknesses of a student's work. 
Theoretically, the student uses the feedback to make improvements in their work and close or 






widen the performance gap depending on the type of feedback and whether it is positive or 
negative (Kluger & DeNisi, 1996).  
Observational feedback during UGRA training is interpreted by the student as internal 
and external feedback based on their skill to perform the task (Slater et al., 2014). Internal 
feedback during UGRA is derived from a student’s mental comparison of their performance 
versus the ideal performance of a task (Slater et al., 2014). The comparison ultimately helps the 
student decide if their actions should be changed or continued to support UGRA performance 
(Nicol & Macfarlane-Dick, 2006; Slater et al., 2014). External feedback is derived from an 
external source, such as an instructor, and provides information to support or reject the changes 
or continued actions taken by the student to perform UGRA (Slater et al., 2014). Importantly, 
external feedback has been demonstrated to affect the learner’s feelings about themselves 
(internally), which influences what and how they learn (Nicol & Macfarlane-Dick, 
2006). Therefore, external feedback was the theoretical focus of this review along with 
explication of a variety of external feedback types culminating in a description of the 
intervention in this study: real-time computerized needle tip location feedback from the 
Simulab© Regional Anesthesia Trainer with SmarTissue (see Intervention: Appendix F).  
In the past, external feedback during UGRA training was delivered to learners by an 
anesthesia provider with procedural expertise. The feedback was typically observational, 
subjective, and not based on any established norms, criteria, or standards (Naik et al., 2007). 
However, the assessment of procedural technical skills by observation not based on any criteria 
lacks test-retest reliability and interobserver reliability (Reznick, 1993). The inconsistency from 






impair UGRA performance (Kluger & DeNisi, 1996; Molloy & Boud, 2014; Shafqat et al., 
2015).  
The need to provide more objective feedback and improve UGRA skills led to the 
development of UGRA assessment tools (Naik et al., 2007). The inspiration for early assessment 
tools came from objective structured clinical evaluation checklists but evolved into task-specific 
checklists (TSC) of technical skills that comprise UGRA (Bould et al., 2009). Accordingly, 
novice learners receiving feedback via TSC would know whether they performed the skills on 
the checklist. The TSC was intended to “turn examiners into observers of skill rather than 
interpreters of performance” (Naik et al., 2007, p. 44). Even though TSC provided more 
structured and specific objective feedback in UGRA training and continues as a standard in 
teaching, the checklists could not assess or provide feedback on the quality of the performance. 
The quality of UGRA performance can be assessed using feedback from the GRS.  
 The GRS assesses aspects of the UGRA to provide more qualitative performance 
feedback (Bould et al., 2009). GRS assessments are scored on a Likert-style scale with 
gradations ranging from poor to superior (Naik et al., 2007). Ultimately, one of the drawbacks of 
GRS is that the feedback provided can be subjective and inconsistent (Bould et al., 2009). To 
address the need for objective and qualitative feedback to evaluate UGRA performance, 
researchers began evaluating the use of both the TSC and the GRS to assess UGRA 
performance (Naik et al., 2007).  
Standard teaching tools for UGRA (i.e., TSC and GRS) provide objective and qualitative 
feedback to improve the performance of novice learners. The TSC and GRS were refined and the 
AC and GRS for UGRA were developed after many iterations of the Delphi method (Cheung et 






GRS as UGRA performance measure tools (Chuan et al., 2015; Naik et al., 2007; Shafqat et al., 
2018; Wong et al., 2014) and they have been shown to differentiate UGRA performance skills 
between novices and experts in clinical and simulated settings (Burckett-St Laurent et al., 
2014; Kim & Tsui, 2019; Shafqat et al., 2018). However, the AC and GRS do not provide the 
focused, objective task-specific feedback to close the performance gap and support 
procedural safety. Of particular importance, the AC and GRS do not provide immediate needle 
tip feedback in real-time to address one of the fundamental challenges that novices encounter 
during UGRA training: “Where is my needle tip?”  
The most critical aspect of UGRA is the visualization of the needle tip to prevent injuries 
to patients and to place the anesthesia successfully. Novice learners have consistently struggled 
with accurate and consistent visibility of the needle tip during UGRA training (Chin et al., 2008). 
Efforts to provide more objective needle tip feedback have resulted in methods to improve 
needle tip visibility and feedback from the needle tip’s interaction with the intended target.  
Visual Needle Tip Feedback 
Efforts to improve needle tip feedback and UGRA performance are multifarious. The 
first UGRA needles developed for clinical use lacked echogenicity (i.e., how matter interacts 
with ultrasound waves). Matter can either allow ultrasound waves to pass through (poor 
echogenicity) or will reflect the waves (echogenic). The material in the first UGRA needles was 
poorly echogenic, resulting in poor visual feedback from the needle to the ultrasound machine. 
Ultrasound waves did not reflect off the needle and, therefore, the needle and tip could not be 
seen well on the ultrasound screen. While investigating how to improve needle tip visualization, 
researchers found the turbulent flow created by injecting small amounts of local anesthesia was 






out of the needle tip allowed the learner to approximate the location of the needle tip to the 
intended anatomical target. However, a critical limitation of this technique is that providers can 
only approximate the needle tip while injecting local anesthesia into the anatomical space (Bloc 
et al., 2010). As the anatomical space fills with local anesthesia to continuously see the tip of the 
needle, the image of the anatomical target on the ultrasound screen becomes obscured. The 
needle tip location feedback is immediate but dependent on continuous injection of local 
anesthesia, which is impractical for a novice UGRA learner and may result in inadvertent 
intravascular injection. Rather than rely indirectly on local anesthesia injectate for feedback to 
approximate needle tip location, needles were reformulated to make them more echogenic and 
improve UGRA performance. 
Echogenic needles by Pajunk® were reformulated with materials to make the needle tip 
more visible with ultrasound to improve UGRA performance. Notably, these needles were 
identified as more echogenic and visible by the proceduralist under ultrasound in a study by 
Hebard and Hocking (2011). In a follow-up study, Pajunk® needles with increased echogenicity 
shortened UGRA placement time by novices but did not increase needle tip visibility (Kilicaslan 
et al., 2014). While the echogenic needle by Pajunk® was more visible on ultrasound and 
shortened novice UGRA procedural time, increased echogenicity did not provide consistent real-
time objective needle tip location feedback. Even if the needle is more visible under ultrasound, 
the novice learner must align the ultrasound probe with the needle to see the tip in relation to the 
target under ultrasound. To overcome the challenges of aligning the ultrasound probe with the 
needle, computer-augmented needle guidance systems were developed to provide real-time 






One such system, the SonixGPS™, uses computerized feedback to predict the needle 
trajectory during UGRA to improve performance regardless of provider technique (Tielens et al., 
2014). Instead of aligning the ultrasound probe with the needle, providers using the SonixGPS™ 
optimize the ultrasound image and use the computerized predictive needle trajectory feedback 
technology to guide the needle to the intended target. This allows the user to see the anticipated 
path of the needle in real-time before advancing regardless of UGRA technique (McVicar et al., 
2015).  
The needle guidance system improved some aspects of novice UGRA performance; for 
example, the augmented predictive needle trajectory feedback decreased UGRA placement time 
and the number of needle adjustments and passes when performed by a novice (Tielens et al., 
2014). When supervising novices using the SonixGPS™, faculty intervened less due to needle 
advances without needle tip visualization (McVicar et al., 2015; Tielens et al., 2014). 
Nevertheless, the system did not improve novice UGRA execution time or needle tip visibility 
(Tielens et al., 2014). Needle tip visibility was better for novices using the traditional ultrasound 
than the SonixGPS™ (Tielens et al., 2014). Regardless of advances in technology, the most 
critical element during UGRA performance remains the visualization of the needle tip.  
To solve this problem and improve novice UGRA performance, magnetically guided 
ultrasound (MGU) systems were developed. MGU systems have magnetic sensing capability in 
addition to the traditional features of an ultrasound probe and use specially designed echogenic 
needles with magnetic properties (Swenson et al., 2016). The magnetically sensitive needle 
provides enhanced real-time computerized needle tip feedback and needle trajectory independent 






MGU systems have been shown to improve needle trajectory and tip position of 
inexperienced providers (Swenson et al., 2016). Using MGU has been shown to improve 
simulated UGRA performance by reducing the time and number of needle advances during 
training (Kim et al., 2016). Needle tip placement is more accurate in MGU than traditional 
training methods (Johnson et al., 2017). However, although real-time computerized needle and 
tip feedback from the MGU improves UGRA novice performance, some limitations exist 
(Johnson et al., 2017; Kim et al., 2016; Swenson et al., 2016). For instance, the accuracy of 
needle tip location feedback using MGU diminishes when the needle is bent due to 
misinterpretation of data distributed by the needle (Swenson et al., 2016; Johnson et al., 2017). 
Such misinterpretation can result in the needle tip missing the intended target by up to 80 
millimeters, which can result in serious patient injury (Johnson et al., 2017). Seeking solutions to 
challenges with real-time needle tip visual feedback led to the development of systems that 
provide specific real-time feedback from the interaction of the needle tip with the intended 
target. to improve novice UGRA performance.  
Needle Tip Target Feedback 
 
Visualization of the needle tip with an appropriate distance to an anatomical target is the 
ultimate goal of UGRA training.  Administering medication from a needle tip that is too far from 
the intended target will not provide the intended anesthesia or pain relief for a patient after a 
procedure. Alternatively, if the needle tip is too close or pierces the intended target, the patient 
may be injured or suffer a complication from the UGRA.  
Using a previously developed low fidelity simulator (Eastwood & Moore, 2010), Moore 
and colleagues (2012) embedded a copper wire inside a round nonopaque gelatin medium 






guided needle came in contact with the copper wire. Their goal was to improve UGRA 
proficiency over time by having their trainees complete the circuit via UG needle contact with 
the copper wire. Investigators gave each trainee 10 attempts (passes) to hit the target with the 
needle. The accuracy of the needle passes was computed as a percentage of needle passes that 
contacted the wire. The result of dividing accuracy by time to complete exercise determined the 
efficiency of the needle passes.  
The trainees repeated the same task 6 and 12 months later. Task accuracy and efficiency 
improved for all trainees (Moore et al., 2012). After completing the task, each trainee was 
provided with feedback about the interaction of the needle tip as a function of accuracy and 
efficiency. During the study, no real-time needle location feedback, task-specific objective, nor 
qualitative UGRA feedback using tools available from previous research was provided. The low 
fidelity simulator was not anatomically correct and there were no controls to the UG needle 
approach to the copper wire during the study. However, UGRA performance skills improved 
over time with successful needle tip contact despite the lack of anatomical fidelity of the 
simulator (Moore et al., 2012).  
Lerman and colleagues (2014) developed the first high-fidelity anatomically correct 
femoral nerve block trainer using a commercially prepared nonopaque gelatin insert embedded 
with a wire placed into a mannequin's femoral crease. The wire was attached to a piezoelectric 
buzzer and an LED light. Depending on the settings, when a needle came into contact with the 
wire, a LED light illuminated, the piezoelectric buzzer made a sound, or nothing happened. 
Participants groups received four types of feedback, an illuminated LED, an active buzzer, voice 
feedback from the investigator, or no feedback when contacting the simulated femoral nerve with 






and piezoelectric buzzer feedback (Lerman et al., 2014). However, study limitations may have 
affected these findings. For instance, the researchers were unable to randomize group 
participants because of the laborious rewiring of the block trainer. Moreover, the study block 
trainer lacked critical vascular structures adjacent to the femoral nerve, which can decrease the 
fidelity of the training experience, and needle location feedback was limited to successful 
placement of the needle on the intended target (Lerman et al., 2014).  
Currently, only one UGRA trainer exists on the market that delivers real-time needle tip 
feedback from the interaction of the needle tip with the intended target. Simulab© developed a 
high-fidelity regional anesthesia trainer with SmarTissue that incorporates all the aspects of an 
anatomically correct brachial plexus with objective real-time computerized needle tip feedback 
derived from interactions with critical anatomical structures encountered during an interscalene 
nerve block. The Simulab© Regional Anesthesia Trainer with SmarTissue is a feature-rich, 
high-fidelity, UGRA trainer widely used in nurse anesthesia education to improve novice UGRA 
learning and performance despite the lack of evidence to justify use (see Intervention: Appendix 
F).  
Although the fidelity of nerve block trainers and needle feedback has improved over 
time, gaps in the literature remain regarding the effects of real-time computerized needle tip 
location feedback. This gap limits immediate feedback and affects performance by the novice 
student of a simulated nerve block following a UGRA simulation training lab. Additionally, a 
dearth of literature exists evaluating the effect of real-time computerized needle tip feedback 
from Simulab© Regional Anesthesia Trainer with SmarTissue on the emotional state of 
learners (i.e., state anxiety), and it is unknown if state anxiety affects performance during 






Theoretical Framework and Conceptual Model 
Feedback intervention (FIT) and attentional control (ACT) theories were the theoretical 
underpinnings that guided the study. In FIT, the student’s perception (attention) of the feedback 
affects their focus and task performance (Kluger & DeNisi, 1996). Objective, focused, and task-
specific student feedback keeps their attention on the task and supports efforts to improve 
performance (Kluger & DeNisi, 1996). Student feedback that is subjective and not task-specific 
shifts the focus towards self (Kluger & DeNisi, 1996). Turning attention towards self and away 
from the task triggers anxiety, which overwhelms cognitive capacity and impairs task 
performance (Mikulincer et al., 1989).  
ACT explores the relationship between anxiety and task performance. State 
anxiety mainly affects the central executive brain function, including attention control and 
working memory (Eysenck et al., 2007). Attention control is responsible for an individual's 
ability to concentrate on tasks (Astle & Scerif, 2008), whereas working memory is vital in 
reasoning and decision-making behaviors (Diamond, 2013). As state anxiety increases, 
attentional control and working memory decrease, causing an inability to concentrate, reason, or 
make decisions during a task (Eysenck et al., 2007). Conceptually, objective task-specific 
feedback supports focus on the task, which stabilizes or may decrease anxiety and allows 
students to reason and make decisions that support task performance.  
The axioms and propositions outlined below describe the relationship between the 
theoretical concepts (See Appendix D: Theoretical Framework and Conceptual Model; 
Reynolds, 1971). 
Axioms: 






A2: If increased focus, then decreased anxiety. 
A3: If decreased anxiety, then improved performance. 
Propositions: 
P1: Therefore, if specific feedback, then decreased anxiety.  
P2: Therefore, if specific feedback, then improved performance. 
If specific feedback --> + focus --> - anxiety--> + performance.  
Chapter Summary 
 To narrow the performance gap during UGRA training, students rely on feedback. The 
preceding studies show the effects of observational, subjective, and objective needle tip feedback 
on UGRA learning and performance. After reviewing the literature, being guided by FIT and 
ACT, and considering the research questions, the study focused on examining the effects of real-








Chapter 3: Methods 
Introduction 
 Chapter 3 provides an overview of the methodology for the study, including sections on 
the design, data collection, and data analysis. The design section includes information on sample 
and setting, inclusion and exclusion criteria, and sample size. The data collection section 
provides an overview of data collection protocols, protection of human subjects, variables, 
measures, and instruments. The data analysis section presents the research questions, hypotheses, 
and related statistical tests used for data analysis. 
Design 
An experimental design with repeated measures was used to assess the effects of real-
time computerized needle tip location feedback on the anxiety and performance of student nurse 
anesthetists during a simulated UGRA training (see Research Design Schema: Appendix A). 
After completing the Vandenberg and Kuse Mental Rotation Test (MRT-A) to assess VA (Peters 
et al., 1995; Vandenberg & Kuse, 1978), subjects were randomly assigned to one of two groups: 
an experimental group receiving standard UGRA training with real-time computerized needle tip 
feedback intervention using the Simulab© Regional Anesthesia Trainer with SmarTissue or 
the control group receiving standard UGRA using the Simulab© Regional Anesthesia Trainer 
with SmarTissue. A post-performance assessment for both groups was conducted by UGRA 
experts using the AC and GRS measurement tools (see Appendix E: Instruments). A repeated 
measures design was appropriate because the design allowed for the comparison of state anxiety 






Sample and Setting 
A convenience sampling of male and female students admitted to Samuel Merritt 
University (SMU) and currently enrolled in the second semester of the Nurse Anesthesia 
Program were recruited in-person during class and via email to participate in the study. The 
study took place on the main SMU campus in the Health Sciences Simulation Suite (HSSC) in 
Oakland, California. The HSSC has over 10,000 square feet of simulation space, including four 
training rooms with 24 hospital beds, nine private exam rooms, two simulation suites, and three 
conference rooms. The study was conducted in a large classroom adjacent to the HSSC where 
the MRT-A was administered. Two conference rooms were utilized for participant viewing of 
UGRA instructional videos, and practice and performance of simulated UGRA occurred in two 
simulation suites with secure high-definition audiovisual digital recording capability.  
Inclusion and Exclusion Criteria 
• Inclusion criteria to participate in the study were:  
Registered nurses who were admitted to an accredited nurse anesthesia 
education program in the United States. 
• Exclusion criteria for participation in the study were:  
Prior UGRA training or experience. 
Sample Size 
A power analysis was conducted for the Pearson’s correlation, which determined 29 
participants were needed for analysis. The sample size was based on calculations indicating a 
power of .80, a large effect size (0.50; Faul et al., 2007) using Cohen’s criteria (Cohen & Brook, 
2004), and an alpha level of .05. For the multivariate multiple regression test, it was determined 






of .80, a large effect size (0.40; Faul et al., 2007) using Cohen’s criteria (Cohen & Brook, 2004), 
and an alpha level of .05. Therefore, to calculate a Pearson’s correlation prior to the multivariate 
multiple regression test, a sample size of 29 participants was needed to conduct the study.  
Based on historical demographic data of students admitted into the Nurse Anesthesia 
Program, 30 potential students could be recruited to participate in the study (Table 1). In 
previous research, gender accounted for a 20% variance in visuospatial skill (Peters et al., 1995), 
and higher visuospatial skills have also been found to correlate with better novice UGRA 
performance in clinical and simulated learning environments (Duce et al., 2016; Shafqat et al., 
2015). Therefore, stratified randomization of participant visuospatial skills would allow for equal 
distribution of high and low participant visuospatial skills between groups.  
 
 









2015 6 24 
2016 9 21 
2017 10 20 














Following approval from the University of Nevada, Las Vegas (UNLV) Institutional 
Review Board (see UNLV IRB Approval: Appendix J) and facility authorization from SMU (see 
SMU Facility Authorization Letter: Appendix K), students enrolled in the course, Basic 
Principles of Anesthesia II, were given a flyer before class about the opportunity to participate in 
the study if eligibility criteria were met (see Study Flyer: Appendix L). The flyer included the 
purpose of the study, approximate time commitment, and a statement that no compensation 
would be provided for participating. Last, the flyer provided contact information for the student 
investigator (SI) and the principal investigator (PI). At that time, potential participants received a 
paper form asking them to provide their email contact information in writing (see Email Form: 
Appendix M), thus confirming that they would like more information about the study. Despite 
the relatively limited number of potential volunteers in relation to the sample size needed to 
complete the study, improvement in UGRA skills is highly desired by students during training. 
Therefore, the chance to use real-time computerized needle tip feedback was seen by students 
who are eager to learn and improve UGRA performance as a tremendous learning opportunity.  
Informed Consent 
 Potential participants were informed they would receive an email that same evening with 
a Qualtrics link to the informed consent used to agree or deny their willingness to participate in 
the study (see Informed Consent Email: Appendix N). Contact information for the SI and the PI 
was included. Students who had questions were instructed to email or call using the 
investigator’s contact information prior to consenting. Study participation was completely 






study at any time without consequence. The recruitment email consent and Qualtrics link was 
resent 3 days after the first message to increase the likelihood of reaching the desired sample 
size. Upon completing informed consent (see Informed Consent: Appendix O), participants were 
redirected and asked to complete an anonymous Qualtrics participant demographic survey (see 
Demographic Survey: Appendix C).  
Data Collection Day 1: Visuospatial Assessment and Randomization 
To assess VA, participants completed the MRT-A on campus in a large classroom 
adjacent to the HSSC on the following Monday after providing informed consent. Before 
administering the MRT-A, the SI read aloud the instructions for completing the MRT-A as 
provided by Peters and colleagues (1995). The MRT-A is a paper and pencil test that takes about 
10 minutes to complete (Peters et al., 1995). After completing the MRT-A, the investigator 
stratified the participants into two equal groups based on the median MRT-A score of 9.5 for all 
the study participants. Participants’ MRT-A scores above the median were coded “1,” and those 
below the median were coded “0.” Participants coded “0” were then randomized between 
experimental and control groups. Then participants coded “1” were randomized between 
experimental and control groups. Using a stratified randomization of participants based on the 
MRT-A scores minimized the effects of the preexisting and innate visuospatial skill. This was 
important because the higher visuospatial skill has been found to correlate with better novice 
UGRA performance in clinical and simulated learning environments (Duce et al., 2016; Shafqat 
et al., 2015).  
Data Collection Days 2–4: UGRA Training Lab and Performance 
After randomization, sets of two participants, one in the experimental group and one in 






conference rooms in the HSSC on Wednesday through Friday. At that time, participants 
reviewed the same UGRA training videos per protocol in separate conference rooms (1 and 2; 
see Data Collection Protocol: Appendix B). The content of the UGRA training videos was based 
on joint recommendations of the American Society of Regional Anesthesia and the European 
Society of Regional Anesthesia and Pain Therapy for education and training of UGRA (Sites et 
al., 2010). The videos were produced and are widely available from the New York School of 
Regional Anesthesia via YouTube™. The first video was “Physics of Ultrasound for Regional 
Anesthesia” (2016), which is 29 minutes and 4 seconds in length, and the second video was 
“Ultrasound-Guided Interscalene Brachial Plexus Block” (2013), which is 3 minutes and 55 
seconds in length.  
The UGRA training videos provided participants with standard instruction related 
to ultrasound image generation, device operation, image optimization and interpretation, and 
needle insertion and injection techniques related to an in-plane (IP) UG interscalene nerve block 
(ISNB; Sites et al., 2010). Immediately following the video-based lecture, while remaining in the 
conference rooms, participants completed the STAI forms Y1 and Y2 (T1) to assess their state 
and trait anxiety. The STAI-Y is a self-administered paper and pencil questionnaire consisting of 
two forms (Y1 and Y2) that take approximately 12 minutes to complete (Spielberger et al., 
1983).  
After completing the STAI-Y, the SI escorted participants into the separate simulation 
suites (1 and 2) adjacent to the conference rooms. The SI set a timer for 20 minutes in each 
simulation suite. Participants in both groups were instructed by the SI that they would have 20 
minutes to perform an IP UG-ISNB on the Simulab© Regional Anesthesia Trainer with 






and again at 20 minutes into the training lab from the UGRA experts utilizing both the AC and 
GRS performance tools (see Instruments: Appendix E). The experimental group also received 
continuous real-time computerized needle tip location feedback from the Simulab© 
Regional Anesthesia Trainer with SmarTissue throughout the UGRA training lab, 
whereas the control group did not (see Intervention: Appendix F). The participants were 
blinded to their assigned group (control versus experimental). The simulation suites, supplies, 
and equipment were identical (see Simulation Suite Equipment, Supplies, and Setup: Appendix 
I). The equipment included an anesthesia machine, monitors, operating room bed, anesthesia 
medication, supply cart, Simulab© Regional Anesthesia Trainer with SmarTissue, Fujifilm© 
Sonosite™ SII ultrasound machine, and operating room side table. The supplies provided 
included exam gloves, ultrasound gel, and nerve block needles.  
Immediately after finishing the simulated UGRA training lab, the SI escorted all 
participants back to the original separate conference rooms to complete the STAI form Y1 (T2) 
to assess state anxiety. The equipment and supplies were set up identically for each UGRA 
performance session (see Appendix J). The participants in both groups were asked to return to 
their simulation suite to perform a simulated IP UG-ISNB on the Simulab© Regional Anesthesia 
Trainer with SmarTissue while being videotaped without expert UGRA faculty present. 
Participants did not receive any additional feedback from faculty or real-time needle location 
feedback from the Simulab© Regional Anesthesia Trainer with SmarTissue. Following the 
videotaped UGRA, participants completed STAI form Y1 (T3) to assess state anxiety, after 
which the SI escorted participants out of the simulation center and immediately retrieved the next 
participants in the study. The data collection protocol repeated until minimum sample size 






participant in the control group was given an opportunity to perform UGRA for 20 minutes 
utilizing the Simulab© Regional Anesthesia Trainer with SmarTissue with real-time needle 
location feedback enabled. All participants received written feedback on their videotaped 
performance after expert evaluation on Day 6.  
Data Collection Days 5 and 6: Performance Assessment 
Two experts assessed all of the participants’ simulated UGRA performances on video. 
The expert evaluators were blinded to the participants’ group assignments and the order in which 
the participants’ performances were videotaped, making them unaware of which participants 
received the intervention during the UGRA training lab. After interrater reliability (IRR) 
training, each video was independently assessed using the AC and GRS by each expert. The 
assessments using the AC and GRS of each participant’s videotaped IP UG-ISNB performance 
took about 5 minutes on average to complete (Wong et al., 2014). After all video performances 
were scored, all participants received expert faculty written feedback on their videotaped 
performance on Day 6. 
Interrater Reliability Training 
One day prior to the start of data collection, the expert UGRA faculty providing 
participants with feedback during the practice session and assessing student UGRA performance 
videos received IRR training for the AC and GRS measurement tools by the SI. Training 
included an assessment of sample simulated IP UG-ISNB completed by licensed anesthesia 
providers. The experts were blinded to the UGRA experience of the licensed providers in the 
sample videos. After each video, scores from the AC and GRS are tallied, shared, and discussed 






2015; Shafqat et al., 2015; Shafqat et al., 2018; Wong et al., 2014), although a score of .90 is 
preferred to reduce performance assessment error (Gray et al., 2016). 
Safe Practices for Conducting Research 
The health, safety, and well-being of the SI, members of the research team, and 
participants in the study were critical considering the COVID-19 pandemic. Adhering to 
guidelines and protocols developed from recommendations by the Centers for Disease Control to 
support safe practices for conducting human research was essential during the study. The 
Standard Operating Procedures (SOP) for Safe Practices to Conduct Human Research of this 
study were based on SMU’s COVID-19 Compendium (see Standard Operating Procedures for 
Safe Practices to Conduct Human Research: Appendix P). 
Protection of Human Subjects 
 Importantly, students were informed that study participation would have no effect on 
their course grade and they could withdraw from the study at any time without any negative 
consequences. After informed consent was obtained, participants were assigned a participant 
code to protect their anonymity. A participant master code list was encrypted, password-
protected, and stored on the secure UNLV shared drive to which only the SI and PI have access. 
All coded paper data were securely stored in a locked file cabinet in a locked room at a separate 
location only accessible by the SI and monitored by a security alarm. Scanned copies of the data 
were archived on the UNLV secure Google shared drive accessible by the SI and PI. 








The independent variable was real-time computerized needle location feedback from the 
Simulab© Regional Anesthesia Trainer with SmarTissue (see Intervention: Appendix G). The 
experimental group also received real-time computerized needle tip location feedback throughout 
the practice session, whereas the control group did not.  
Dependent Variables 
The dependent variables were state anxiety and UGRA performance. State anxiety was 
measured using the STAI form Y1 (T1, T2, and T3). UGRA performance was measured by the 
AC and GRS using the participants' recorded UGRA performance (see Research Design Schema: 
Appendix A).  
Covariates 
The covariates were state and trait anxiety and VA. State anxiety was measured using 
the STAI form Y1, and trait anxiety was measured by the STAI form Y2. VA was measured 
using the MRT-A, which was also used to stratify and randomize groups. 
Instruments 
State-Trait Anxiety Inventory Form Y 
The STAI-Y is a 40-item paper-pencil questionnaire that differentiates between a 
participant's state and trait anxiety. The STAI-Y consists of two forms, Y1 and Y2. Form Y1 
measures state anxiety with scores ranging from 20–80. Form Y2 measures trait anxiety and has 
the same score ranges as Y1. STAI-Y alpha coefficients computed using Kuder-Richardson 20 
(KR-20) show the median coefficient of .90 for state and trait anxiety when given during or just 






coefficients for STAI range from .86 to .95, and test-rest reliability coefficients range from .65 to 
.75 (Spielberger et al., 1983). The test-retest correlations for form Y2 were .84 at an interval of 1 
hour and .86 at an interval of 20 days (Spielberger et al., 1983). For studies using repeated 
measures of state anxiety, the STAI form Y2 is only used on the initial measure to control for 
trait anxiety over fewer than 20 days (Code & Burkard, 2016; Harvey et al., 2011; McKay et al., 
2010; Noto et al., 2005; Spielberger et al., 1983). The survey was self-administered and took 
about 12 minutes to complete.  
Redrawn Vandenberg and Kuse Mental Rotations Test-A 
The MRT-A is a 24-item paper and pencil 10-minute timed test that measures innate VA. 
The test assesses a participant’s ability to manipulate visual and spatial relationships of two-
dimensional images in a three-dimensional plane (Peters et al., 1995). Scores on the test can 
range from 0–24, with higher scores indicative of higher innate VA. The MRT-A is a valid and 
reliable VA assessment tool in the literature (Clem et al., 2013; Duce et al., 2016; Shafqat et al., 
2015). MRT-A has substantial internal consistency (KR 20 = .88) and high test and retest 
reliability (.83; Duce et al., 2016; Vandenberg & Kuse, 1978). Better UGRA performance has 
been predicted in previous research by higher MRT-A scores (Duce et al., 2016; Shafqat et al. 
2015).  
Assessment Checklist and Global Rating Scale for UGRA 
The AC is an objective procedural checklist initially developed by Cheung and associates 
(2012) using the Delphi method to specifically assess the specific technical skills of UGRA 
performance. To assess the nontechnical skills associated with UGRA, the GRS is widely used in 
the literature (Burckett-St Laurent et al., 2014; Cheung et al., 2012; Naik et al., 2007; Shafqat et 






reliability coefficients of greater than .80 in previous studies when used to assess UGRA 
performance (Shafqat et al., 2015; Shafqat et al., 2018). The AC and GRS mean scores are 
strongly correlated, r = 0.73, p <  .001, in previous research (Shafqat et al., 2018). The 
IRR of the AC and the GRS in a previous study was 0.96 and 0.91 (Shafqat et al., 2018).  
The experts providing feedback and assessing simulated UGRA performance received 
training on how to complete the AC and GRS. Training included an assessment of sample videos 
of simulated UG-ISNB completed by licensed anesthesia providers. The experts were blinded to 
the licensed anesthesia providers' UGRA experience in the sample videos. After assessing each 
sample video, scores from the AC and GRS were tallied, shared, and then discussed by the 
experts as in prior studies using the same UGRA performance tools (Chuan et al., 2015; Wong et 
al., 2014) until IRR combined scores of the AC and GRS was at least .80 as recommended by 
Gray and colleagues (2016); however, IRR scores of .90 are preferred to reduce the chance of 
performance evaluation error (Gray et al., 2016). AC scores ranged from 0–44 and GRS scores 
ranged from 9–45, with higher combined scores on the AC and GRS indicative of better UGRA 
performance (Burckett-St Laurent et al., 2014; Cheung et al., 2012; Naik et al., 2007; Shafqat et 
al., 2015; Shafqat et al., 2018; Wong et al., 2014).  
Intervention 
The intervention was real-time computerized needle tip location feedback during a 
simulated UGRA from the Simulab© Regional Anesthesia Trainer with SmarTissue (see 
Intervention: Appendix G). 
Demographics 
 The demographic data collected consisted of gender, age, race, ethnicity, and years of 






within which a registered nurse uses assessment, psychomotor skills, and critical decision 
making to care for unstable patients with invasive hemodynamic monitors (e.g., pulmonary 
artery, central venous pressure, and arterial catheters), cardiac assist devices, mechanical 
ventilation, and vasoactive infusions (Council on Accreditation of Nurse Anesthesia Programs, 
2019, p. 30). Upon completing the informed consent, participants were redirected and asked to 
complete an anonymous Qualtrics participant demographic survey (see Demographic Survey: 
Appendix C). 
Operational Definitions 
Anxiety was operationalized as both state and trait anxiety. State anxiety was defined by 
Schwenkmezger and Steffgen (1989) “as a broad concept for a number of very complex 
emotional and motivational states and processes that occur as a result of the threat. This 
threat is related to the subjective evaluation of a situation and concerns jeopardy to one’s 
self-esteem during performance or social situations, physical danger, or insecurity and 
uncertainty” (pp. 78–79). State anxiety is transient “at the moment” and disappears over 
time (Spielberger et al., 1983). Student’s state anxiety was measured with the STAI 
(Appendix E). Trait anxiety was defined as anxiety that is present, constant, and does 
not diminish over time (Spielberger et al., 1983). Trait anxiety was also measured with 
the STAI (Appendix E).  
Performance was operationalized by the objective and qualitative effectiveness of a 
participant to perform UGRA. The objective performance of simulated UGRA was 
measured with the AC (Appendix E) by Cheung et al. (2012). The qualitative 
performance of simulated UGRA was measured with the GRS (Appendix E) developed 






VA was operationalized by the innate ability of study participants to manipulate visual 
and spatial relationships between two- and three-dimensional objects while coordinating 
complex hand and eye movements when performing UGRA (Clem et al., 2013). Innate 
VA of study participants was measured using the redrawn Vandenberg and Kuse MRT 
(Appendix E).  
Data Analysis 
This section outlines the study research questions, hypotheses, and related statistical tests 
(see Power Analysis Table for Statistical Tests: Appendix H) used for data analysis. 
Research Question 1: Will students' state anxiety decrease after receiving real-time 
computerized needle tip location feedback during a simulated UGRA training lab? 
Hypothesis 1: Students who receive real-time computerized needle tip location feedback 
during a simulated UGRA training lab will experience decreased state anxiety at T2 and T3 from 
T1 compared to the control group when controlling for the covariates (trait anxiety, nursing 
experience, CCNE, and MRT-A score at T1). This hypothesis was tested using a mixed 
regression model to assess the interaction between group and time, the independent variables, 
while controlling the effect of the covariates, which would indicate the potential intervention 
effect on the changes of the dependent variable (STAI Y1) over time (T1, T2, and T3; Field, 
2013). Before running a mixed regression analysis, an independent samples t-test was conducted 
to compare the differences of STAI Y1 between the control and experimental groups at each 
time point.  
Research Question 2: Will students’ immediate performance of a simulated 
UGRA differ between the experimental group, who received real-time computerized needle tip 






Hypothesis 2: Students in the experimental group receiving real-time computerized 
needle location feedback during a simulated UGRA training lab will immediately perform better 
on the AC and GRS compared to students in the control group when controlling for VA. This 
hypothesis was tested using an independent samples t-test, Pearson’s correlation, and a 
multivariate multiple regression test. An independent samples t-test was conducted first to 
evaluate if differences existed concerning the AC and GRS scores between the control and 
experimental groups. A Pearson’s correlation was conducted to assess the relationship between 
the dependent variables (AC and GRS), which were highly correlated with performance. A 
multivariate multiple regression test was conducted to evaluate if statistically significant 
differences existed in the scores and whether these were due to the independent variable, control 
or experimental group membership, while controlling for other potential demographic factors. 
Research Question 3: Do the student anxiety scores (STAI Y1) at T2 mediate the effect 
of the intervention on performance scores (AC and GRS scores) when controlling for VA? 
Hypothesis 3: The student anxiety scores (STAI Y1) at T2 mediates the effect of the 
intervention on the performance scores when controlling for VA. This hypothesis was tested 
using path analysis, which is a form of structural equation modeling (SEM). Path analysis 
examined the degree and significance of relationships between the independent, dependent 
variables, and mediator while considering the effects of the covariates. 
Chapter Summary 
 The rigorous research methodology outlined in this chapter was developed to answer the 
research questions in this study and create new knowledge to fill a gap in the scientific literature, 
(i.e., the effects of real-time computerized needle tip location feedback on the anxiety and 






was calculated using power analysis and was thought to be feasible given the interest shown by 
the students during recruitment. Further, data collection protocols and procedures were 
considered appropriate given the setting and availability of resources. In this chapter, study 
variables were clearly identified and defined, and study instruments were shown to be well 
established, reliable, and conceptually valid. The statistical power, effect size, and analysis 
techniques were selected to answer study hypotheses following consultation with two 
statisticians, Drs. Feng and Song. Overall, the study was designed to determine if real-time 
computerized feedback had any effect on student emotional state and performance of a nerve 
block during UGRA training. Ultimately, these findings would provide information about the 
effectiveness of real-time computerized needle tip location feedback during a simulated UGRA 
from the Simulab© Regional Anesthesia Trainer with SmarTissue to improve performance in 







Chapter 4: Results 
Introduction 
 This chapter presents the study sample demographic information. The results of the data 
analyses used to answer the research questions and whether to accept or reject hypotheses 
examining the effects of real-time computerized needle tip location feedback on student state 
anxiety and immediate UGRA performance will also be described. At the conclusion of this 
chapter, an overall summary of the results is presented.  
Demographics 
 A total of 30 students admitted to SMU and currently enrolled in the second semester of 
the Nurse Anesthesia Program were recruited to participate in the study with 29 students 
consenting to participate and finishing all aspects of the study for a completion rate of 97% of all 
potential study participants. The age range of all participants was 26 to 41 years old. The mean 
age of all the study participants was just over 32.5 years (M = 32.6, SD = 4.1). The control and 
experiment group participants mean ages were nearly identical (M = 32.5, SD = 4.9 vs. M = 32.6, 
SD = 3.3, respectively). However, although the majority of students in previous cohorts of the 
nursing program at SMU were female over the past 6 years (Table 1), the majority of student 
participants in this study were male (Table 2). Participants’ mean nursing experience was 7 years 
(M = 6.8, SD = 3.1) and CCNE was 5 years (M = 5.2, SD = 3.3). The majority of participants 
self-reported White as their race or ethnicity (Table 2).  
 The participants were stratified into two equal groups based on the median MRT-A score 
of 9.5 (Table 2) for all study participants. Participants’ MRT-A scores above the median were 
coded “1,” and those below the median were coded “0.” Participants coded “0” were then 






randomized between experimental and control groups.  The control group had a higher baseline 
average MRT-A score (M = 9.5, SD = 4.2) than the experimental group (M = 10.1, SD = 4.6); 
however, the difference in score was not statistically significant. Further, no statistically 
significant differences (p = .726) were found in baseline anxiety trait scores between the 
experimental group (M = 39.7, SD = 6.6) and the control group (M = 40.8, SD = 9.9). 
 
 
Table 2: Demographic Characteristics of Study Participants 
 
 Total Study 
Participants  
(N = 29) 
Control 
Group   
(n = 14) 
Experimental 
Group 
 (n = 15) 
Gender, N% 
 
   
Male 16 (55%) 7 (50%) 9 (60%) 
Female 
 
13 (45%) 7 (50%) 6 (40%) 
Race or Ethnicity 
 
   
Asian 
 
11 (38%) 6 (43%) 5 (33%) 
White 15 (52%) 7 (50%) 8 (53%) 
    
Hispanic  
 
1 (3%) 0 (0%) 1 (7%) 
Other  
 
2 (7%) 1 (7%) 1 (7%) 
Age, Mean +SD 32.6±4.1 32.5±4.9 32.6+3.3 
 
Nursing Experience (Years), Mean 
+ SD 
 
6.8±3.1 7.0±3.0 6.0±3.3 
Critical Care Nursing Experience, 
Mean + SD 
 
5.2±3.3 4.9±3.6 5.5±3.1 
Baseline STAT-Y2, Mean + SD 
 
40.2±8.3 40.8±9.9 39.7±6.6 







 Data were collected from participants who completed the STAI Y2 once (T1) and STAI 
Y1 at three predetermined times (T1, T2, and T3) during the study. Data were also collected 
from faculty experts completing the AC and GRS assessment tools after watching videotaped 
UGRA performances after STAI Y1 at T2 was collected from all study participants. After 
inputting all of the data into Excel (Microsoft Corp.) in long format, data were converted into 
wide format for further statistical analysis using IBM SPSS Statistics 27 and SPSS Amos for 
SEM.   
Research Questions and Hypotheses 
 
Research Question 1: Will students' state anxiety decrease after receiving real-time 
computerized needle tip location feedback during a simulated UGRA training lab?  
Hypothesis 1:  Students who receive real-time computerized needle tip location feedback 
during a simulated UGRA training lab will experience decreased state anxiety (STAI Y1) at T2 
and T3 from T1 compared to the control group when controlling for the covariates (trait anxiety, 
nursing experience, CCNE, and MRT-A score at T1).  
Using a mixed regression model, we assessed the effects of group, time, and the 
interaction between group and time, the independent variables, while controlling the effect of the 
covariates on STAI Y1. The interaction between group and time indicates the potential 
intervention effect on the changes of the dependent variable (STAI Y1) over time (T1, T2, and 
T3) compared with the control group (Field, 2013).  
 Before running a mixed regression analysis, an independent samples t-test was conducted 
to compare the differences of STAI Y1 between the control and experimental groups at each 






however, the control group's mean STAI Y1 scores were significantly lower at all measurement 
times in comparison to the experiment group (Table 3). A mixed regression model was 
conducted to evaluate the experimental effect over time while controlling the other covariates 
that may affect STAI Y1 scores. The mixed regression model (Table 4) showed the STAI Y1 
score for the control group was significantly lower than the experimental group, B = -11.43, p = 
.001. STAI Y1 scores for baseline (T1) were also significantly lower than for the score at T3, B 
= -10.07, p = .001; however, the score at T2 was not significantly different than at T3. Also, 
STAI Y1 score increased with an increase of baseline STAI Y2 score, B = .80, p < .001. 
Additionally, increases of MRT-A scores highly correlated with increases in STAI Y1 scores 
over time regardless of participant group membership, B = .60, p = .005. Based on the results of 
the mixed regression model and controlling for the covariates, the interaction between group and 
time was not significant on STAI Y1 scores (p = .555), which indicates the intervention did not 
have a significant effect on the changes of STAI Y1 scores over time on the experimental group 














Table 3: State-Trait Anxiety Inventory Y1 Scores for Control and Experimental Groups at T1, 
T2, and T3  
 




Group  p-value 
T1 
 
32.6(8.2) 39.7(8.7) .031* 
T2 39.8(9.6) 51.3(13.6) .014* 
T3 39.9(11.7) 49.8(11.4) .029* 
Note. An independent samples t-test was conducted to calculate p-values.  
* p < .05  
 
 







STAT Y1 Score T1 STAT Y1 Score T2 STAT Y1 Score T3
STAI-Y1 Score at T1, T2, and T3






Table 4: Mixed Regression Model: Estimates of Fixed Effects 
 
Parameter Estimate SE 
95% Confidence 
Interval 
df t p Lower Upper 
Intercept 11.95 5.43 1.12 22.78 71.38 2.20 .031 
Group        
Control -11.43 3.09 -17.77 -5.09 26.47 -3.70 .001* 
Experimental 0b 0 . . . . . 
STAI Y1 Score        
Time 1 -10.07 2.71 -15.52 -4.62 49.46 -3.71 .001* 
Time 2 1.53 3.23 -4.96 8.02 51.66 .47 .637 
Time 3 0b 0 . . . . . 
CCNE .12 .26 -.40 .63 70.36 .45 .653 
MRT- A Score .60 .21 .19 1.02 70.36 2.89 .005* 
STAI Y2 Score at Time 1 .80 .10 .60 1.01 70.36 7.72 .000* 
Control Group STAI Y1 
Score Time 
       
Time 1  2.71 3.91 -5.14 10.56 49.46 .69 .491 
Time 2 -1.68 4.66 -11.02 7.67 51.66 -.36 .720 
Time 3 0b 0 . . . . . 
Experimental Group STAI Y1 
Score Time 
       
Time 1  0b 0 . . . . . 
Time 2 0b 0 . . . . . 
Time 3 0b 0 . . . . . 
aDependent Variable: STAI Y1 scores. 
bThis parameter is set to zero because it is redundant 
* p < .05 
 
 
Research Question 2: Will students’ immediate performance of a simulated 
UGRA differ between the experimental group, who received real-time computerized needle tip 
location feedback during a simulated UGRA training lab, compared with the control group? 
Hypothesis 2: Students in the experimental group receiving real-time computerized 






the AC and GRS compared to students in the control group, when controlling for visuospatial 
ability (VA).  
A multivariate multiple regression was used to analyze the data. However, first, two 
expert faculty assigned both AC and GRS scores for each study participant based on videotaped 
performances. IRR was checked using Cronbach’s alpha (𝛼𝛼). The score on the Cronbach’s alpha 
ranges from 0 to 1.0, with higher scores indicating higher IRR (Field, 2013). A Cronbach’s alpha 
score of .70 is acceptable, but scores of .80 and .90 are indicators of good and better IRR, 
respectively, of UGRA expert AC and GRS scores (Field, 2013). The IRR for expert faculty 
evaluating the performances of the participants on the AC was 𝛼𝛼 = .90 and for the GRS was 𝛼𝛼 =
 .88. Considering the high IRR from the expert faculty on both performance measures, the mean 
GRS and AC scores were calculated for each participant and used for further data analysis (Table 
5).  
An independent samples t-test was conducted first to evaluate if statically significant 
differences existed on the AC and GRS scores between the control and experimental groups. As 
shown in Table 5, no statistical differences were identified. Following the independent samples t-
test, a Pearson’s correlation was conducted to assess the relationship between the dependent 
variables, the AC and GRS performance measures of the participants (n = 29). The AC and GRS 
were found to be highly correlated, r = 0.449, p = .015. Therefore, a multivariate multiple 
regression test was conducted to evaluate if statistically significant differences in the scores were 
due to the independent variable, control or experimental group membership, while controlling for 
other potential factors (Table 6), including years of CCNE, gender, baseline MRT score, and 






The multivariate multiple regression analysis did not show significant differences in the 
outcome measures (AC and GRS) between the control and experimental group when including 
and controlling for covariates in the model (p = .178; Table 6). Additionally, the parameter 
estimates from conducting a multivariate multiple regression analysis on each dependent variable 
found the covariates did not have significant effects on AC or GRS scores (Tables 7 and 8). 
Therefore, we failed to reject the null hypothesis.  
 
 
Table 5: Assessment Checklist and Global Rating Scale Scores for Control and Experimental 
Groups 
 






Group  p 
AC Score 
 
34.6(4.5) 30.9(6.3) .077 
GRS Score 31.5(6.3) 29.0(5.6) .267 




Table 6: Multivariate Multiple Regression Test 
Wilk’s Lambda 
Effect Value F Hypothesis df Error df p 𝜂𝜂𝑝𝑝2  
Intercept .33 22.76 2 22 .000 .67 
Group .86 1.87 2 22 .178 .15 
CCNE  .97 .36 2 22 .705 .03 
MRT-A Score .91 1.11 2 22 .346 .09 
STAI Y1 Score at T2 .86 1.75 2 22 .197 .14 
Gender .93 .85 2 22 .441 .07 







Table 7: Parameter Estimates: Dependent Variable AC Score 








Intercept 27.21 7.26 3.743 .001 12.17 42.24 .38 
Group        
Control 4.86 2.47 1.973 .061 -.24 9.99 .15 
Experimental 0a . . . . . . 
CCNE .04 .34 .117 .908 -.66 .73 .001 
MRT-A Score -.15 .36 -.416 .681 -.89 .59 .01 
STAI Y1 Score at T2 .09 .10 .884 .386 -.12 .289 .03 
Gender        
Female .95 2.98 .319 .753 -5.21 7.11 .004 
Male 0a . . . . . . 




Table 8: Parameter Estimates: Dependent Variable GRS Score 








Intercept 42.08 7.50 5.61 .000 26.56 57.60 .58 
Group        
Control 2.07 2.55 .81 .424 -3.20 7.35 .03 
Experimental 0a . . . . . . 
CCNE -.24 .35 -.70 .491 -.96 .47 .02 
MRT-A Score -.55 .37 -1.49 .149 -1.32 .21 .09 
STAI Y1 Score at T2 -.11 .10 -1.09 .289 -.32 .10 .05 
Gender        
Female -3.06 3.07 -.99 .330 -9.41 3.30 .04 
Male 0a . . . . . . 






Research Question 3: Do the student anxiety scores (STAI Y1) at T2 mediate the effect 
of the intervention on performance scores (AC and GRS) when controlling for VA? 
Hypothesis 3: The student anxiety scores (STAI Y1) at T2 mediates the effect of the 
intervention on the performance scores when controlling for VA. This hypothesis was tested 
using path analysis, which is a form of SEM. Path analysis examined the degree and significance 
of relationships between the independent, dependent variables, and mediator while considering 
the effects of the covariates (Figures 2 and 3). Even though the path analysis showed a 
significant relationship between groups and STAI Y1 at T2 (p = .008) and AC scores (p = .023), 
the STAI Y1 at T2 (Figure 3, Table 9) showed no significant relationship with the outcome 
measures, AC score (p = .356) and GRS scores (p = .332). Therefore, STAI Y1 was not a 
mediator between group membership and AC or GRS score, and we failed to reject the null 
hypothesis. Additionally, the path analysis of the AC and GRS scores and group membership 
(Figure 2, 3, Table 10) showed covariates, MRT-A score and CCNE, had no significant effect on 

















Figure 2: Input Path Diagram for AC Scores 
 






Table 9:  Maximum Likelihood Estimates AC Score 
Regression Weights: (Group number 1 - Default model) 
Input Path for AC Scores Estimate S.E. C.R. p Label 
STAI_Y1ScoreT2 <--- Group # 11.55 4.32 2.68 .008  
AC Score <--- MRT-A Score -.23 .24 -.94 .346  
AC Score <--- CCNE Yrs  .04 .30 .12 .903  
AC Score <--- Group # -4.98 2.19 -2.27 .023  
AC Score <--- STAI-Y1 Score .08 .09 .92 .356  
Note. Based on the path analysis outputs above, STAI Y1 is not a mediator between group and 





















Table 10:  Maximum Likelihood Estimates GRS Score 
Regression Weights: (Group number 1 - Default model) 
Input path for GRS Scores Estimate S.E. C.R. p Label 
STAI_Y1ScoreT2 <--- Group_# 11.55 4.32 2.67 .008  
GRS Score <--- STAI_Y1ScoreT2 -.09 .09 -.97 .332  
GRS Score <--- Group_# -1.73 2.31 -.75 .455  
GRS Score <--- MRT-A Score -.31 .25 -1.23 .220  
GRS Score <--- CCNE Yrs -.24 .32 -.74 .458  













 Study participants’ state and trait anxiety were assessed using the STAI Y1 at three 
predetermined time points and Y2 at baseline during the study. Faculty experts assessed 
videotaped UGRA performances after study participants completed the training lab using AC 
and GRS assessment tools. Based on the current cohort data analysis, the intervention of 
computerized needle tip feedback during a UGRA training lab did not show a significant effect 
on the changes in student state anxiety scores when compared with the control group over time. 
The state anxiety scores of students in both groups increased similarly at T2 and T3 when 
compared to T1. Further, no significant differences were found in the immediate performance 
outcome measures between the experimental and control group with or without controlling for 
covariates. Since no significant relationship was found between STAI Y1 at T2 and the outcome 
measures, STAI Y1 was not identified as a mediator between the group membership and the 
outcome measures. The overall conclusion is that the intervention did not show a significant 






Chapter 5: Discussion 
Introduction 
 In this chapter, study findings are discussed to provide context, synthesize related 
scientific literature, and formulate conclusions. Moreover, implications of findings for nurse 
anesthesia teaching and learning are explored. Last, the study’s strengths and weaknesses are 
examined and recommendations are made for future research.  
Interpretation of Findings 
Research Question 1 
 Real-time computerized needle tip feedback during a UGRA training lab did not show a 
significant effect on the changes of STAI Y1 scores over time on the experimental group when 
compared to the control group. Inexplicably, the state anxiety scores of students in both groups 
increased similarly at T2 and T3 when compared to T1. Even the control group had significantly 
lower state anxiety at all times of measure (T1, T2, and T3) than the experimental group, the 
changes in scores over time were similar for both groups. These findings were unexpected 
because feedback that is specific, objective, direct, and timely is strongly predictive of 
improvement in student learning and performance (Minehart et al., 2014). Although the 
Simulab© Regional Anesthesia Trainer with SmarTissue provides specific, objective, direct, 
and timely computerized needle tip location feedback during a simulated training lab, the 
feedback did not evidence an effect on student state anxiety scores between groups over time. 
FIT was one of the two theoretical underpinnings that guided the study. According to 
FIT, objective-focused and task-specific feedback allows the student to maintain their attention 
on the task and supports efforts to improve performance (Kluger & DeNisi, 1996). In FIT, when 






anxiety, overwhelms cognitive capacity, and impairs task performance (Kluger & DeNisi, 1996; 
Mikulincer et al., 1989). The axioms and proposition of FIT related to the study describe the 
relationship between theoretical concepts.  
Axioms: 
A1: If specific feedback, then increased focus. 
A2: If increased focus, then decreased anxiety. 
Proposition: 
P1: Therefore, if specific feedback, then decreased anxiety.  
 Theoretically, the Simulab© Regional Anesthesia Trainer with SmarTissue provided 
objective, focused, real-time computerized needle tip UGRA task-specific feedback allowing the 
student to maintain their attention on improving the needle tip placement in proximity of the 
intended target safely. It was anticipated that the intervention would have kept a student’s focus 
on the task and decreased anxiety. Unfortunately, the theoretical underpinnings did not seem to 
assist with understanding why increased student state anxiety occurred in both groups over time 
or why the control group had significantly lower anxiety state scores at all times of measure (T1, 
T2, and T3). 
When teaching a new skill, instructors give feedback to help students eliminate 
performance gaps (Nicole & Macfarlane-Dick, 2006). Depending on the type of feedback and 
whether the feedback is positive or negative, the performance gap can widen (Kluguer & DeNisi, 
1996). Inconsistent observational feedback during UGRA training perceived by learners as 
directed towards self can cause emotional states that have been characterized as feelings of fear, 
apprehension, and uncertainty from the anticipation of a threatening situation; this, in turn, can 






DeNisi, 1996; McKay et al., 2010; Minehart et al., 2014; Molloy & Boud, 2014; Shafqat et al., 
2015). The current study findings were surprising because the intervention and study design 
sought to eliminate these issues; however, the expected effect of decreasing anxiety in the 
experimental group was not found.  
In simulated experiential learning activities, high levels of anxiety impair performance, 
whereas low levels of anxiety foster superior performance (Al-Ghareeb et al., 2019; Shafqat et 
al., 2015). Sanders and Lushington (2002) found that moderate degrees of stress and anxiety are 
needed for effective student learning but the optimal level of anxiety during simulated activities 
to promote student learning in nurse anesthesia has not been identified. 
Postulating, two possible contributors may help explain the findings. First, the study was 
conducted in the middle of a worldwide pandemic, which may have been a confounding variable 
that affected participants’ state and baseline trait anxiety during the study. The STAI Y1 used in 
the study is sensitive to transient changes in state anxiety, whereas STAI Y2 measures trait 
anxiety that is present, constant, and does not diminish over time (Spielberger et al., 1983). 
However, differences in individual trait anxiety may reflect the frequency and intensity of 
situations over time that provoke increased state anxiety (Spielberger et al., 1983). Moreover, 
individuals with higher trait anxiety tend to have more exaggerated increases in state anxiety 
during threatening situations (Spielberger et al., 1983). It is possible the pandemic influenced the 
baseline trait and state anxiety scores of all students, and this may have continued throughout the 
lab training activities. Additionally, mandatory SOP anti-COVID-19 protocols, which included 
wearing complete personal protective equipment (i.e., cap, mask, face shield, and gloves), may 






 Second, the students in the experimental group may have experienced anxiety associated 
with the Simulab© Regional Anesthesia Trainer with SmarTissue  technology, termed 
technostress. Technostress is any negative effect on human psychology that is caused directly or 
indirectly by technology that may be unfamiliar to the user and can cause physiologic anxiety 
(Brod, 1982; Clark & Kalin, 1996; Weil & Rosen, 1995). Although no studies were located that 
could be directly comparable to this study, many studies have found a fear of interacting or 
misusing unfamiliar technology causes anxiety in the end-user (Gaudron & Vignoli, 2002; Ragu-
Nathan et al., 2008; Salanova et al., 2013). Thus, unfamiliarity with the real-time computerized 
needle tip feedback back may have contributed to anxiety in the experimental group, obscuring 
any effect of the needle tip location, as these students may have become overly focused on the 
unfamiliar technology rather than the task. Technostress may have contributed to the 
experimental group’s significantly higher anxiety scores at T2 and T3 than the control group 
(Table 3).   
Research Question 2 
 No significant differences were found in the immediate performance outcome measures 
between the experimental and control group with or without controlling for covariates. For both 
groups, mean AC and GRS performance scores were at the “novice” level as determined by two 
previous studies using similar simulated UGRA and colleagues (Burckett-St. Laurent et al., 
2016; Burckett-St. Laurent et al., 2014). Specifically, the findings indicate that the covariates 
(STAI-Y1 at T2, MRT-A score, gender, and CCNE) did not have a significant effect on the 







A study by Shafqat and colleagues (2015) was similar to the current study in that it 
examined the effect of anxiety on UGRA performance. However, findings showed that students 
with higher anxiety had lower performance scores on the GRS. The study differs from the 
current study in several important ways. First, in the Shafqat et al. study, participants watched 
UGRA training videos before a UGRA lab, rather than during the lab, and no performance 
feedback was given during UGRA practice. In the current study, participants received feedback 
from the AC and GRS performance tools immediately after viewing the training video and 
practice. It is possible that the lack of feedback by Shafqat and colleagues made some 
participants more anxious, which may have affected their UGRA performance. Second, Shafqat 
and colleagues included medical school students in any class with no UGRA experience in their 
sample. Participants in the current study included anesthesia students with no UGRA experience, 
recruited from the same cohort with the same education (BSN) and critical care clinical 
backgrounds. Medical students have educational backgrounds from a variety of disciplines and 
have minimal to no clinical experience. It seems likely that participant differences in educational 
and clinical background could have contributed to differences in study findings. Additionally, the 
differences in participant’s VA were controlled in the current study but not by Shafqat and 
colleagues. Higher VA was found to correlate with better UGRA performance. Although in the 
current study, anxiety did not affect performance, increases of MRT-A scores were highly 
correlated with increases in STAT Y1 scores over time regardless of participant group 
membership. This finding is inconsistent with Shafqat et al.’s findings that lower MRT-A scores 
correlated significantly with lower GRS scores and higher levels of anxiety. 
Different interventions may have contributed to the lack of congruence in findings 






turkey-based model inserted into a task trainer to assess UGRA performance skills. In the current 
study, a Simulab© Regional Anesthesia Trainer with SmarTissue. Another study found an 
improvement in novice UGRA performance when ultrasound images were augmented with real-
time computerized needle tip feedback (Lerman et al., 2014). Lerman and associates found that 
an anatomically correct task trainer that provided real-time computerized visual (LED light) and 
auditory (piezoelectric buzzer) needle tip feedback when in close proximity to the intended target 
improved novice UGRA performance when compared to unstructured verbal feedback and no 
feedback. The Simulab© Regional Anesthesia Trainer with SmarTissue provides visual 
feedback by illuminating critical structures the needle tip interacts with on a computer screen and 
also provides auditory and haptic feedback from a distinct subtle “pop” that can be felt and heard 
when the needle tip enters the nerve sheath. Haptic feedback refers to technology that can 
interact and be felt by the end user’s sense of touch (Krogmeier et al., 2019). The pop mimics the 
same distinct feedback experienced when properly placing the needle by the intended target in a 
patient. This type of feedback is different than the auditory feedback from a piezoelectric buzzer, 
which provides a continuous monotone buzz that can only be heard (Lerman et al., 2014).  
In addition, McVicar and colleagues (2015) found augmenting ultrasound images with 
real-time computerized predictive needle tip trajectory improved novice UGRA performance as 
well. However, the Simulab© Regional Anesthesia Trainer with SmarTissue real-time 
computerized needle tip feedback shows the user where the needle tip is in relation to its 
interaction with critical structures, which is very different than showing the predicted trajectory 
of the needle tip in real time. Study differences in the type of needle tip feedback may have 






  Importantly, the assessments of all participants videotaped performances by two expert 
UGRA faculty using the AC and GRS had high IRR. This indicates that the ratings between the 
raters were consistent and are reliable measures of students’ UGRA performance. Additionally, 
AC and GRS scores were highly correlated, indicating a strong relationship between the outcome 
measures for UGRA performance that consists of technical (AC) and nontechnical (GRS) skills, 
which is consistent with previous research (Shafqat et al., 2015; Shafqat et al., 2018). Therefore, 
the performance measures tools were reliable; thus, confirming no significant effect of the 
intervention.  
Research Question 3 
Even though the path analysis showed a significant relationship between groups and 
STAI Y1 at T2 and AC scores, the STAI Y1 at T2 showed no significant relationship with the 
outcome measures of AC and GRS scores. Therefore, STAI Y1 is not a mediator between group 
membership and AC or GRS scores. Additionally, the path analysis of the AC and GRS score 
and group membership showed covariates, MRT-A score and CCNE, had no significant effect on 
the outcome measures.  
Although, no studies were located that explored the mediation effect of state anxiety on 
performance, theoretically, ACT should help explain the relationship between anxiety and task 
performance because executive brain function attention control helps individuals to focus on 
tasks (Eysenck et al., 2007). Attention control and working memory are also negatively affected 
by state anxiety (Eysenck et al., 2007). Consequently, as state anxiety increases, attention control 
and working memory decrease, which leads to individuals’ inability to concentrate, reason, or 
make decisions during a task (Astle & Scerif, 2008; Diamond, 2013). Increased anxiety in the 






therefore, obscured any performance effect of the intervention. Perhaps state anxiety was altered 
by technostress and the pandemic heightened both state and trait anxiety of study participants. 
These issues may have affected the anxiety scores, resulting in inconsistent findings in 
comparison to previous research.  
Implications in Nurse Anesthesia Education and Research 
 The findings in the study have implications for nurse anesthesia education and research. 
The Simulab© Regional Anesthesia Trainer with SmarTissue  may not be a cost-effective task 
trainer for UGRA education. The device is expensive to purchase: the task trainer, smart tissue, 
and computer to support the software cost $6,388 with an additional $1,725 to maintain 
(Simulab© Corporation, n.d.) in comparison to lower fidelity UGRA task trainers costing $650 
(CAE Healthcare, n.d.). Despite the innovative technology, real-time computerized needle tip 
feedback did not result in improvement in state anxiety or performance in the current study. 
Notably, the antidotal experiences of the SI and members of the research team teaching this lab 
were not congruent with the study findings. In past UGRA labs, students expressed feeling less 
anxious and performed UGRA noticeably better when the intervention was incorporated into an 
existing UGRA training lab. However, these antidotal experiences were not supported by this 
study.  
  The unfamiliarity with the Simulab© Regional Anesthesia Trainer with SmarTissue  
may have resulted in technostress. Technostress may have manifested by significantly higher 
physiologic anxiety in the experimental group compared to the control group at all time points 
(T2 and T3). The higher anxiety scores may have negatively affected student performance; 






  The AC and GRS were revalidated in this study to be reliable UGRA performance 
measurement tools. During UGRA training, students must obtain objective, reliable, and 
consistent feedback on technical and nontechnical skills associated with UGRA. For nurse 
anesthesia educators, it is important to have reliable performance assessment tools to determine 
if a student has acquired the knowledge and skill from laboratory training necessary to perform 
UGRA safely in the clinical environment. Experts consistently agree the AC and GRS tools 
provide structured objective feedback that incorporates the best practices to safely and 
effectively perform UGRA (Burckett-St Laurent et al., 2014; Burckett-St Laurent et al., 2016; 
Shafqat et al., 2015; Shafqat et al., 2018; Wong et al., 2014). Similarly, the findings support the 
continued use of the AC and GRS in nurse anesthesia education.  
Strengths and Limitations 
Strengths 
The first major strength of the study was the rigor of the methods to control extraneous 
and confounding variables. Students were excluded from participation if they had prior UGRA 
training. The study protocol was detailed and was followed precisely by the SI, members of the 
research team, and participants to ensure consistency (see Data Collection Protocol: Appendix 
B). The SI, members of the research team, and students participating in the study were the only 
individuals in the simulation center during data collection, ensuring interactions with others 
outside the study did not affect the results. The SI escorted participants to and from the 
simulation center to ensure students in the study would not interact or share study-related 
information during the data collection period.  
Standardized instructions for all measurement tools (MRT-A, STAI Y1, and Y2) were 






same video-based UGRA lectures in similar conference rooms on the same size video monitors. 
Student identity was obscured by scrub caps, masks, face shields, and no student identification 
badge to support anonymity. Therefore, raters did not know who they were evaluating at either 
of the two times they provided the students with UGRA performance feedback. The simulation 
suites were set up the same for all participants during the study (see Simulation Suite Equipment, 
Supplies, and Setup: Appendix I). The lab was timed so all participants received the same 
amount of time to practice performing UGRA. The equipment in each simulation suite was 
identical for the control and experiential groups except for the intervention in the experimental 
group (see Intervention: Appendix G).  
The feedback provided to the students during the UGRA was standardized, timely, and 
objective from valid and reliable UGRA performance tools. After UGRA experts completed IRR 
training for the AC and GRS to ensure student performance feedback was consistent and reliable, 
the students received written performance feedback from UGRA experts twice during the lab. 
The UGRA experts completed an AC and GRS performance tool halfway (10 minutes into the 
lab) and at the conclusion of the 20-minute UGRA practice period. The feedback was collected 
from the experts and given to the students for review immediately by the SI. At no time were the 
identities of the UGRA experts disclosed to the students. The UGRA experts who assessed the 
student UGRA videotaped performances did not know which students received the intervention, 
and the videos were presented in a random nonrepeating order to support accurate performance 
assessments, which were consistent and reliable.  
The second major strength of the study was control of participant VA ability through 
stratification and randomization of the students into experimental and control groups. Since 






females, VA needed to be controlled in the study (Peters et al., 1995; Shafqat et al., 2015). To 
control for VA, all participants completed a redrawn Vandenberg and Kuse MRT-A and were 
stratified and randomized into the control and experiential groups ensuring VA skill was evenly 




 The COVID-19 pandemic may have had impacted the study results. Initially, it was not 
possible to execute the study due to state, county, and city restrictions placed on in-person 
research to protect the safety and well-being of the research team and study participants. As more 
was learned about COVID-19, SOPs were developed to outline safe practices for conducting 
human subjects research to mitigate the research team and study participants’ risks of exposure 
to COVID-19 (Appendix P). Guided by the SOP, 1 year into the pandemic, students traveled to 
campus to participate in the study. The students were subjected to health screenings, maintained 
social distancing, and donned full PPE prior to participating. However, it is unknown if the 
pandemic had any effect on the participants’ baseline trait anxiety, which is a measure of anxiety 
over long periods. It is also unknown if coming to campus considering the risks associated with 
COVID-19 despite rigorous safety measures had any effect on students’ state anxiety. Further, it 
is uncertain if students’ state anxiety was affected by wearing a mask and face shield during the 
study, as students usually only wear scrub clothing, scrub cap, and gloves. Thus, it is uncertain 
how or if multiple pandemic-associated events affected student state and trait anxiety during the 
study.  
Additionally, because of COVID-19 restrictions on the university laboratory use, it was 






performance measures were taken. It is possible that an intervention effect was not found 
because of the immediate performance timing. Winstein and Schmidt (1990) found examining 
performance using an immediate motor skill retention test at the end of a practice session was a 
poor predictor of skill retention and learning. Ideally, a repeated UGRA performance should 
have been delayed by 24 hours, or at least 6 hours, to examine the differences in performance 
gains over time, which was not logistically possible because of COVID-19 restrictions (Abe et 
al., 2011; Kantak et al., 2010). Delayed motor skill performance at the end of practice lab better 
gauges motor learning than immediate performance (Kantak & Winstein, 2012).   
Recommendations 
Based on the findings of the research study, nurse anesthesia educators should continue 
the use of the AC and GRS in UGRA training. The AC and GRS were revalidated in this study to 
be reliable UGRA performance measurement tools, as they provide feedback to students on the 
critical nontechnical and technical skills to support UGRA safety in clinical practice. 
Further research is warranted to investigate the effects of new technology in simulation-
based experiential learning activities on learner anxiety, including strategies to desensitize and/or 
familiarize students with new technology prior to measuring performance. While anxiety-causing 
technostress has been studied extensively in other fields, such as computer science, business, 
management, accounting, medicine, and social sciences, no research was found that examined 
the effects of technostress in simulation-based education experiential learning activities or high-
fidelity task trainers (Salazar-Concha et al., 2021). 
Future research might also include a biomarker of stress, such as salivary alpha-amylase 
(sAA) to reflect sympathetic nervous system response to acute psychological stress and anxiety. 






simulation, a 67% increase in sAA levels from mean baseline to post-simulation level was found 
(McKay et al., 2010). Therefore, additional research using sAA may be warranted to validate and 
correlate STAI Y1 sensitivity and specificity to measure acute stress following educational 
interventions using experiential simulated learning activities that include high-tech task trainers. 
Additionally, a follow-up study should be considered to examine the effects of 
computerized electronic needle tip feedback on delayed repeat UGRA performance 24 hours 
after the training lab. While the intervention in this study did not show an effect on immediate 
performance, delaying the UGRA performance may help nurse anesthesia educators better 
understand ways to improve UGRA motor skill retention and learning through better-designed 
learning activities. Consequently, the effect of computerized electronic needle tip feedback on 
clinical performance remains unknown. 
Chapter Summary 
The purpose of the study was to examine the effects of real-time computerized needle tip 
location feedback on students’ state anxiety and immediate task performance during a simulated 
UGRA training lab. This technological intervention did not decrease student anxiety or improve 
UGRA performance. Unexpectedly, anxiety was not found to moderate UGRA performance. 
However, findings may have been affected by conducting the study during a global pandemic. 
The results of the study do not justify the cost of incorporating needle tip location feedback 
technology into UGRA training labs. However, the results of the study do support the use of 
validated and reliable assessment tools during UGRA training. The AC and GRS provide 
students with consistent objective feedback performance that supports learning UGRA. These 
tools also provide nurse anesthesia educators with a reliable way to determine if students have 















Appendix B: Data Collection Protocol 
Safe Practices for Conducting Research 
The health, safety, and well-being of the student investigator (SI), members of the 
research team, and participants in the study are critical considering the COVID-19 pandemic. 
Adhering to guidelines and protocols developed from recommendations by the Centers for 
Disease Control support safe practices for conducting human research. The SOPs for Safe 
Practices to Conduct Human Research of this study are based on SMU’s COVID-19 
Compendium (see Standard Operating Procedures for Safe Practices to Conduct Human 
Research: Appendix P).  
Recruitment 
• Step 1: Following approval from the University of Nevada, Las Vegas (UNLV) 
Institutional Review Board, students will be given a flyer by the SI before class begins in the 
Basic Principles of Anesthesia II course. The flyer will describe the study, eligibility criteria, 
approximate time commitment, and a statement that there is no compensation for 
participating. Contact information for the SI and the principal investigator (PI) will be on the 
flyer. At that time, potential participants will all receive a paper form asking to provide their 
email contact information in writing (see Email Form: Appendix M), thus confirming that 
they would like more information about the study. 
• Step 2: Students with prior UGRA experience will be excluded from the study. If the SI is 
unable to recruit an adequate number of participants, the SI will recruit student volunteers in 
their second semester of training from other nurse anesthesia programs that share a similar 







• Step 3: Potential participants will be informed that they will receive an email that same 
evening with a Qualtrics link to the informed consent used to agree or deny their 
willingness to participate in the study. Contact information for the SI and the PI will be 
included. Students who have questions are instructed to email or call using the investigator's 
contact information prior to consenting. Study participation is completely voluntary and 
students will be informed there are no consequences for nonparticipation or withdrawing 
from the study at any time. The recruitment email consent and Qualtrics link will be resent 
3 days after the first sending to increase the likelihood of reaching the desired sample size.  
• Step 4: Upon completing informed consent, participants will be redirected and asked to 
complete an anonymous Qualtrics participant demographic survey (see Demographic 
Survey: Appendix C).  
Data Collection Day 1: Visuospatial Assessment and Randomization 
• Step 5: Participants will complete the MRT-A to assess visuospatial ability on campus in a 
large classroom adjacent to the HSSC the following Monday after informed consent. Before 
administering the MRT-A, the SI will read instructions about the MRT-A as provided by 
Peters and colleagues (1995). The MRT-A is a paper and pencil test that takes about 10 
minutes to complete (Peters, et al., 1995; see Instruments: Appendix E). 
• Step 6: After completing the MRT-A, the investigator will stratify the participants into two 
equal groups based on the median MRT-A score of all the study participants. Participants' 







• Step 7: Participants coded “0” will be randomized between experimental and control groups. 
Participants coded “1” will be randomized between experimental and control groups.  
Data Collection Days 2–4: UGRA Training Lab and Performance 
• Step 8: After randomization, sets of two participants, one in the experimental group and one 
in the control group, will be scheduled to return at staggered nonoverlapping times to one of 
two conference rooms in the HSSC on Wednesday through Friday. At that time, participants 
will review the same UGRA training videos per protocol in separate conference rooms (1 and 
2). The content of the UGRA training videos is based on joint recommendations of the 
American Society of Regional Anesthesia and the European Society of Regional Anesthesia 
and Pain Therapy for education and training of UGRA (Sites et al., 2010). The videos are 
produced by the New York Society of Regional Anesthesia and are available to the general 
public on YouTube. 
• “Physics of Ultrasound for Regional Anesthesia “(2016), which is 29 minutes 
and 4 seconds. The video is available at 
https://www.youtube.com/watch?v=VuFG6gJ3LBs  
• “Ultrasound-Guided Interscalene Brachial Plexus Block” (2013), which is 3 
minutes and 55 seconds. The video is available at 
https://www.youtube.com/watch?v=Zke6938Y1k4 
• Step 9: Immediately following the video-based lecture, participants will complete the STAI-
Y (T1) to assess their state and trait anxiety (see Instruments: Appendix E). The STAI-Y is a 
self-administered paper and pencil questionnaire consisting of two forms (Y1 and Y2) that 






• Step 10: After completing the STAI-Y, participants will be escorted by the SI into the 
separate simulation suites (1 and 2) adjacent to the conference rooms. The SI will set a timer 
for 20 minutes in each simulation suite. Participants in both groups will be instructed by the 
SI that they will have 20 minutes to perform an IP UG-ISNB on the Simulab© Regional 
Anesthesia Trainer with SmarTissue. All participants received in-person, observational, 
written feedback at 10 minutes and again at 20 minutes into the training lab from the UGRA 
experts utilizing both the AC and GRS performance tools (see Instruments: Appendix E). 
• The experimental group will also receive continuous real-time computerized 
needle tip location feedback from the Simulab© Regional Anesthesia Trainer 
with SmarTissue throughout the UGRA training lab, whereas the control 
group will not (see Intervention: Appendix G). The participants will be blinded 
to their assigned group (control versus experimental). 
• The simulation suites, supplies, and equipment will be identical (see Simulation 
Suite Equipment, Supplies, and Setup: Appendix I). The equipment will include 
an anesthesia machine and monitors, operating room bed, anesthesia medication 
and supply cart, Simulab© Regional Anesthesia Trainer with SmarTissue, 
Fujifilm© Sonosite™ SII ultrasound machine, and operating room side table. The 
supplies that will be provided include exam gloves, ultrasound gel, and nerve 
block needles. 
• Step 11: Immediately after finishing the 20-minute simulated UGRA training lab, all 
participants will be escorted back by the SI to their original separate conference room to 






• Step 12: The equipment and supplies will be returned to the original locations found at the 
beginning of the UGRA practice session (see Appendix I). The participants will be asked to 
return to their simulation suite to perform a simulated IP UG-ISNB while being videotaped 
without faculty or real-time computerized needle tip feedback from Simulab© Regional 
Anesthesia Trainer with SmarTissue. 
• Step 13: Following the videotaped IP UG-ISNB performance, participants will be escorted 
back to their respective conference rooms to complete the STAI form Y1 (T3) to assess state 
anxiety. The data collection protocol will be repeated until minimum sample size 
requirements are met for the study (see Appendix B).  
• The day after data collection is complete each participant in the control group will 
be given an opportunity to perform UGRA for 20 minutes utilizing the Simulab© 
Regional Anesthesia Trainer with SmarTissue with real-time needle location 
feedback enabled.  
Data Collection Days 5 and 6: Performance Assessment 
• Step 14: Two experts will assess all of the participants’ simulated UGRA performances 
on video. The expert evaluators will be blinded to the participants’ group assignments 
and the order in which the participants' performances were videotaped, making them 
unaware of which participants received the intervention during the UGRA training lab. 
After interrater reliability (IRR) training, each video will be independently assessed using 
the AC and GRS by each expert. The assessments using the AC and GRS of each 
participant’s videotaped IP UG-ISNB performance should take about 5 minutes on 






participants will receive UGRA clinical practice expert written feedback of their 
videotaped performance from the SI by email.  
Interrater Reliability Training 
• One day prior to the start of data collection, the UGRA faculty experts providing participants 
with feedback during the practice session, and UGRA clinical practice experts assessing student 
UGRA performance videos will receive IRR training for the AC and GRS measurement tools by 
the SI. Training will include an assessment of sample simulated IP UG-ISNB completed by 
licenses anesthesia providers. The experts will be blinded to the UGRA experience of the license 
providers in the sample videos. After each video, scores from the AC and GRS will be tallied, 
shared, and discussed as in prior studies using the same tools until IRR combined scores are at 
least .80 (Chuan et al., 2015; Shafqat et al., 2015; Shafqat et al., 2018; Wong et al., 2014), 







Appendix C: Participant Demographic Survey 
The survey will be converted into a Qualtrics numerical format.  
1. What is your gender? 
a. Female or Male  
 
2. What is your age (in years and months)? 
 
3. What is your race or ethnicity as defined by the National Institutes of Health? 
a. American Indian or Alaska Native: A person having origins in any of the original 
peoples of North and South America (including Central America) and who 
maintains tribal affiliation or community attachment.  
b. Asian: A person having origins in any of the original peoples of the Far East, 
Southeast Asia, or the Indian subcontinent, including, for example, Cambodia, 
China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, 
and Vietnam.  
c. Black or African American: A person having origins in any of the Black racial 
groups of Africa.  
d. Hispanic or Latino: A person of Cuban, Mexican, Puerto Rican, Cuban, South or 
Central American, or other Spanish culture or origin, regardless of race.  
e. Native Hawaiian or Other Pacific Islander: A person having origins in any of the 
original peoples of Hawaii, Guam, Samoa, or other Pacific Islands.  
f. White: A person having origins in any of the original peoples of Europe, the 
Middle East, or North Africa. 
 
4. How many years of experience do you have in nursing (in years and months)?  
 
5. How many years of experience do you have in critical care nursing (in years and 
months)?  
a. Critical care nursing is defined as a unit within which a registered nurse uses 
assessment, psychomotor skills, and critical decision-making to care for unstable 
patients with invasive hemodynamic monitors (e.g., pulmonary artery, central 
venous pressure, and arterial catheters), cardiac assist devices, mechanical 
ventilation, and vasoactive infusions (Council on Accreditation of Nurse 














Appendix E: Instruments 








Note: MRT-A test cannot be republished per agreement with authors due to decreased sensitivity 
to assess VA after repeat exposures. The authors only allow republication of the test instructions 
for the purpose of dissertations. For permission to use MRT-A please contact the author. 
 
Michael Peters, PhD, University Professor Emeritus 
Neuroscience and Applied Cognitive Sciences 




















Assessment Checklist (Cheung et al., 2012) 
Participant’s study reference: 
Tasks Not performed Performed poorly Performed Well 
0 1 2 
Proper positioning of patient    
Correct placement of ultrasound machine relative 
to patient to allow easy visualization of both 
   
Correct choice of transducer    
Correct depth, gain, and focal zone choices    
Holds probe correctly (three fingers holding the 
probe and one finger touching the patient) 
   
Knowledge or conformation of screen orientation 
(i.e., which side of probe corresponds to which 
side of screen) 
   
Scanning of anatomy and proper identification of 
target 
   
Use of Doppler to rule out vascular structures (if 
applicable) 
   
Appropriate needle alignment    
Maintenance of needle tip image during 
advancement of needle 
   
Efficiency of regaining needle tip position image 
(PART Maneuver)  
   
Recognition of proper nerve stimulation at 
appropriate levels (if nerve stimulation used) 
   
Ensure that current is not <0.2 mA (if nerve 
stimulation is used) 
   
Ask for initial aspiration to rule out 
intravascular injection 
   
Visualization of needle tip before injection    
Ask for 1-2 ml initial injection to rule out 
intraneural and intravascular injection 
   
Ask patient or at least look for signs of 
pain/discomfort 
   
Ask for proper aspiration every 5 ml 
incremental injection 
   
Recognition of proper needle tip position    
Recognition of proper needle tip adjustments    
Assessment of ease of injection (high 
pressure) 
   
Recognition of correct local anesthetic 
spread relative to nerve 







Global Rating Scale (Cheung et al., 2012) 
Item   Score   






Did not organize the 
equipment well. Has to 
stop procedure 
frequently to prepare 
equipment 
 Equipment generally 
organized. Occasionally 
has to stop and prepare 
items 
 All equipment neatly 
organized, prepared, and 
ready for use 
Patient interaction Little to no rapport 
established; patient is 
unaware of procedures. 
No sedation is provided. 
 Rapport is generally 
established; patient is 
aware and informed of 
most procedures. Patient 
anxiety is alleviated 
adequately with sedative 
 Strong rapport is 
established and 
maintained throughout 
procedure. Patient is 




sedation and verbal 
comforting 





of skin before 
infiltration, use of 
op site) 
Practice of proper 
aseptic technique not 
generally apparent. 




 Generally, practices 
proper aseptic technique. 
Occasional errors in 
aseptic technique 
 Excellent demonstration 
of proper aseptic 
technique. Few or no 
errors in aseptic 
technique made during 
procedure 
Respect for tissue Frequent uses 
unnecessary force on 
tissue or causes damage 
 Carefully handles tissue 
but occasionally causes 
unintentional damage  
 Consistently handles 
tissues appropriately 
with minimal damage 
Time and motion Many unnecessary 
movements 
 Efficient time/motion but 
some unnecessary 
movements 
 Clear economy of 
movements. Maximum 
efficiency 
Instrument handling Repeatedly makes 
tentative and awkward 
movements 
 Competent with 
instruments but 
occasionally makes 
awkward or stiff 
movements 
 Fluid movements with 
instruments and no 
awkwardness 
Flow of procedure Frequent stops 
procedure and seems 
unsure of next move 
 Demonstrates some 
forward planning with 
reasonable progression of 
procedure 
 Obviously planned 
course of procedures 
with effortless flow 




Deficient knowledge  Knows all the important 
steps of the procedure 
 Demonstrates 
familiarity with all 
aspects of procedure 









Appendix F: Instrument Use Table 
 










24 items 10 minutes After consent to 






Y1 and Y2 
40 items 12 minutes  Form Y1 and Y2 
after video-based 
didactic activity 




lab (T2) and 














feedback after 10 
and 20 minutes 
have elapsed 
during the 

















experts on  










Appendix G: Intervention 
 Simulab© Regional Anesthesia Trainer with SmarTissue will be used to simulate UG-
ISNB (Figure 1). The Simulab© Regional Anesthesia Trainer with SmarTissue has ultrasound 
sensitive anatomy, including relevant brachial plexus nerve bundle (C5, C6, and C7 nerves), 
palpable clavicle, and interscalene groove, pulsatile carotid artery, internal jugular vein, and 
muscular anatomy (sternocleidomastoid, anterior and middle scalene muscles). The 
SmartTissue™ and its associated software utilize a laptop computer to interpret location-
sensitive data generated by the needle tip. When the needle tip comes into contact with the 
brachial plexus nerve sheaths for C5, C6, or C7, the appropriate nerve illuminates orange  
(correct needle tip location for ISBN) on the computer screen (Figure 2). The nerve will 
illuminate red (incorrect position of needle tip for ISNB) on the computer screen when 
advancing the needle through the nerve sheath into the nerve (Figure 3).  
Simulated backflow of venous (blue) or arterial (red) into the needle and catheter occurs 
if the needle accesses any vascular structures (i.e., internal jugular vein or carotid artery). The 
real-time computerized needle tip feedback will be provided to the learner in real-time and 
correlates to simultaneous ultrasound imaging of the needle. The real-time computerized needle 
tip feedback can be turned on or off during the UGRA training. The experimental group 
received continuous real-time computerized needle tip location feedback from the 
Simulab© Regional Anesthesia Trainer with SmarTissue throughout the UGRA training 









Figure 1  
Simulab© Regional Anesthesia Trainer with SmarTissue 
 
Figure 2  
Simulab© Regional Anesthesia Trainer with SmarTissue Indicating Correct Needle Placement
 
Figure 3  








Appendix H: Power Analysis Table for Statistical Tests 
  
Hypothesis H1. Students who 
receive real-time 
computerized needle tip 
location feedback during 
a simulated UGRA 
training lab will 
experience decreased 
state anxiety at T2 and 
T3 from T1 compared to 
the control group when 
controlling for the 
covariates (trait anxiety, 
nursing experience, 
CCNE, and MRT-A 
score) at T1. 





during a simulated 
UGRA training lab, 
immediately perform 
better on the AC and 
GRS compared to 
students in the control 
group when 
controlling for VA 
(MRT-A). 
H3. The student anxiety 
scores (STAI Y1) at T2 
mediate the effect of the 
intervention on the 
performance scores when 






experimental group and 





Time (T1 = baseline, T2 
= after simulated UGRA 
training lab, and T3 = 




Real-time computerized needle tip location 




State anxiety as 
measured by the STAI 
form Y1 (continuous 
variable). 
UGRA performance as measured by AC (interval 
variable).  
 







Covariate(s) Trait anxiety as 
measured by the STAI 
form Y2 (continuous 
variable) at T1, CCNE 
as measured by 
demographic survey 
(continuous variable), 
and VA as measured by 
MRT-A (continuous 
scale). 
VA as measured by 
MRT-A (covariate, 
continuous scale), 
state anxiety as 
measured by the STAI 
form Y1, (continuous 
variable) at T2, CCNE 






State anxiety as measured 
by the STAI form Y1 at 
T2 (mediating variable, 
continuous scale), VA as 
measured by MRT-A 
(continuous scale), and 





Pearson r (r) 
Cohen’s d 
(d) 
   
Statistic Test Independent samples t-












f 2 = 0.31 
α = .05 
Power = .80 
N = 18–20 
f 2 = 0.40–0.25  
α = .05 
Power =.80 
N = 28–42 
No literature supporting 








Appendix I: Simulation Suite Equipment, Supplies, and Setup 
 
Equipment 
• Anesthesia machine and monitors 
• Operating room bed 
• Anesthesia medication and supply cart 
• Simulab© Regional Anesthesia Trainer with SmarTissue  
• Fujifilm Sonosite SII ultrasound machine  
• Operating room side table 




• Gloves (small, medium, and large) 
• Ultrasound gel (stored on ultrasound machine cart) 
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Purpose of the Study 
The purpose of the study is to examine the effects of real-time computerized needle tip location 




It is unknown as to the level of risk of transmission of COVID-19 if you decide to participate in 
this research study. The research activities will utilize accepted guidance standards for 







You are being asked to participate in the study because you are a student currently enrolled in the 
Basic Principles of Anesthesia II. In this course, you learn to administer UGRA but have no prior 
UGRA training or experience. 
 
Procedures  
As a participant, you will take several pencil and paper tests that measure your hand-eye 
coordination and anxiety levels. You will be randomly assigned to a group that has real-time 
computerized needle tip location feedback or to a group that does not receive this type of 
feedback. You will review UGRA skill videos then practice the UGRA techniques on a 
simulated trainer in the Health Sciences Simulation Center at Samuel Merritt University in 
Oakland, California. Individual written performance feedback will be provided from faculty 
anesthesia experts during the practice session. You will then be asked to perform a videotaped 
simulated UGRA and will receive individual encrypted written feedback on your performance 
from the SI via the email address you provide. You are expected to not disclose anything about 
the study to any other participants until after you receive your performance feedback from the SI.  
   
Benefits of Participation  
There may be indirect benefits to you as a participant in this study. These include but are not 
limited to the repetition of UGRA instruction, practice, and feedback. Your participation may 
benefit nurse anesthesia educators and future students by providing a better understanding of the 
effect of different types of feedback on student UGRA performance during training.  
 
Risks of Participation  
The risk of participation is no greater than the normal risk for this simulated training in this 
educational program. This simulated training normally has risks for inadvertently sticking 
yourself with a clean blunt nerve block needle. Additionally, you may feel somewhat anxious 
about learning a new skill.  
 
COVID-19 safety mitigation measures that comply with those of the educational institution are 
in place to protect participants and the researcher. These measures include but are not limited to: 
 
All members of the research team and study participants will be screened and monitored for 
COVID-19 before and during all in-person study-related activities.  
Maintenance of social distance of six feet or greater during all in-person study-related activities. 
Personal protective equipment will be provided and required for all in-person study-related 
activities.  
Space accommodations have been implemented to support social distancing. 
Centers for Disease Control guidelines and recommendations from the simulation community are 
in place to sanitize all study-related space and equipment.  
 
What happens if I am injured or harmed in some way by the study? 
 
The SI will be present for all parts of the simulation. There is a basic first kit available for 
immediate use if needed. The SI is an advanced practice nurse with education and training in 








If you are injured as a result of your participation in this study, please seek medical care in the 
usual manner. Samuel Merritt University has not set aside money to pay the costs for such care. 
Costs would be charged to you or your insurance company (if you have insurance).  
 
Because this is a research study, some health insurance plans may not pay for the costs of a 
study-related injury (an injury that is caused by your participation in the study-not an injury that 
occurs in the normal course of your training). Any costs not paid by your insurance company 
will be your responsibility. Please ask the study team if you would like to know more about 
payment for research-related injuries. You do not give up your legal rights by signing this form. 
   
Cost /Compensation   
There will be no financial cost to you to participate in this study. The study will take 
approximately 2 hours of your time, thereby approximating the normal laboratory time in your 
standard program of study needed to learn the UGRA information and skills. The study will 
occur over a period of 3 days. You will receive appointment dates and times for participation via 
encrypted email. You not be monetarily compensated but will have the opportunity to experience 





Your email contact information will be kept confidential, and your name will be linked with a 
coded number and kept on a secure UNLV Google server only accessible to the SI and PI. No 
reference will be made in written or oral materials that could individually link you to this study. 
All paper copies of coded questionnaires and written feedback will be initially stored in a locked 
file cabinet, in a locked office accessible only by the SI, then scanned and electronically stored 
on a password-protected secure UNLV shared drive within one week of the completion of the 
study. After paper data is stored on the UNLV secure drive, it will be securely shredded 
immediately. Video recordings of your participation in the study will be coded to maintain your 
confidentiality. The videos will be encrypted, uploaded, and securely stored on a UNLV shared 
drive that is only accessible to the SI and PI. After the video is uploaded to the secure UNLV 
shared drive, the video will be deleted from the local server at SMU. Only the researchers listed 
on this consent will have access to these documents and electronic media. All study-related data 
will be stored on a secure UNLV shared drive for 3 years after the completion of the study and 
then destroyed.  
 
Expert anesthesia faculty that are giving you feedback are committed to keeping this feedback 
confidential and private in keeping with the requirements of research ethics. 
  
Voluntary Participation  
Your participation in this study is completely voluntary. You may withdraw from the study at 
any time without prejudice by your faculty. Your course grade is in no way affected by your 
participation in or denial to participate in the study. You are encouraged to ask questions about 







Participant Consent:  
I have read the above information and agree to participate in this project. I have been able to ask 
questions about the research project. I am at least 18 years of age. An electronic copy of this 
form has been given to me. 
 
             
Signature of Participant                        Date  
 
        
Participant Name (Please Print)                          
 
In lieu of signing a paper-based Informed Consent, please click one of the following: 
□ I have read the above information and agree to participate in this study. I have been able to 
ask questions about the research study. I am at least 18 years of age. A copy of this form has 
been given to me through email.  
 




I agree to be video/audio recorded during the UGRA performance for the purpose of this 
research study. 
 
             
Signature of Participant                        Date  
 
        
Participant Name (Please Print)                      
 
In lieu of signing a paper-based Informed Consent, please click one of the following: 
□ I have read the above information and agree to video/audio taping. I have been able to ask 
questions about video/audio recording. I am at least 18 years of age. A copy of this form has 
been given to me through email.  
□ I do NOT agree to participate in the video/audio recording.  
 
A copy of the informed consent will be sent to the email that you type in the window below: 
 
After completing the informed consent, you will be redirected to an anonymous study-related 













































 Abe, M., Schambra, H., Wassermann, E. M., Luckenbaugh, D., Schweighofer, N., & Cohen, L. 
G. (2011). Reward improves long-term retention of a motor memory through induction of 
offline memory gains. Current Biology, 21, 557–562. 
https://doi.org/10.1016/j.cub.2011.02.030 
 Al-Ghareeb, A., McKenna, L., & Cooper, S. (2019). The influence of anxiety on student nurse 
performance in a simulated clinical setting: A mixed-methods design. International 
Journal of Nursing Studies, 98, 57–66. https://doi.org/10.1016/j.ijnurstu.2019.06.006 
Archer, J. (2010). State of the science in health professional education: Effective feedback. 
Medical Education, 44, 101–108. http://dx.doi.org/10.1111/j.1365-2923.2009.03546.x 
Astle, D., & Scerif, G. (2008). Using developmental cognitive neuroscience to study behavioral 
and attentional control. Developmental Psychology, 21, 107–118. 
http://dx.doi.org/10.1002/dev.20350 
Barrington, M. J., Wong, D. M., Slater, B., Ivanusic, J. J., & Ovens, M. (2012). Ultrasound-
guided regional anesthesia: How much practice do novices require before achieving 
competency in ultrasound-guided peripheral regional anesthesia using a cadaver model. 
Regional Anesthesia and Pain Medicine, 37, 334–339. 
http://dx.doi.org/10.1097/AAP.0b013e3182475fba 
Bloc, S., Mercadal, L., Dessieux, T., Garnier, T., Estebe, J., Le Naoures, A., Komly, B., Leclerc, 
P., Morel, B., Ecoffey, E., & Dhonneur, G. (2010). The learning process of the 
hydrolocalization technique performed during ultrasound‐guided regional anesthesia. 







Bould, M., Crabtree, N., & Naik, V. (2009). Assessment of procedural skills in anaesthesia. 
British Journal of Anaesthesia, 103, 472–483. http://dx.doi.org/10.1093/bja/aep241 
Brod, C. (1982). Managing technostress: Optimizing the use of computer technology. Personnel 
Journal, 61(10), 753–757. 
Burckett-St. Laurent, D. A., Cunningham, M. S., Abbas, S., Chan, V. W., Okrainec, A., & Niazi, 
A. U. (2016). Teaching ultrasound-guided regional anesthesia remotely: A feasibility 
study. Acta Anaesthesiologica Scandinavica, 60(7), 995–1002. 
https://doi.org/10.1111/aas.12695 
Burckett-St. Laurent, D., Niazi, A., Cunningham, M., Jaeger, M., Sherif, S., Mcvicar, J., & Chan, 
V. (2014). A valid and reliable assessment tool for remote simulation-based ultrasound-
guided regional anesthesia. Regional Anesthesia and Pain Medicine, 39, 496–501. 
http://dx.doi.org/10.1097/AAP.0000000000000165 
CAE Healthcare. (2021, August 10). Regional Anesthesia Ultrasound Training Block. Blue 
Phantom. https://www.bluephantom.com/product/Regional-Anesthesia-Ultrasound-
Training-Block-Model.aspx?cid=394 
Chen, X. X., Trivedi, V., AlSaflan, A. A., Todd, S. C., Tricco, A. C., McCartney, C. J., & Boet, 
S. (2017). Ultrasound-guided regional anesthesia simulator training: A systematic review. 
Regional Anesthesia and Acute Pain, 42, 741–750. 
http://dx.doi.org/10.1097/AAP.0000000000000639 
Cheung, J., Chen, E. W., Darani, R., McCartney, C., Dubrowski, A., & Awad, I. T. (2012). The 
creation of an objective assessment tool for ultrasound-guided regional anesthesia using 







Chin, K. J., Perlas, A., Chan, V., & Brull, R. (2008). Needle visualization in ultrasound-guided 
regional anesthesia: Challenges and solutions. Regional Anesthesia and Pain Medicine, 
33, 533–544. http://dx.doi.org/10.1016/j.rapm.2008.06.002 
Chuan, A., Graham, P. L., Wong, D. M., Barrington, M. J., Auyong, D. B., Cameron, A. J., Lim, 
L., Pope, B., Germanoska, B., Forrest, K., & Royse, C. F. (2015). Design and validation 
of the Regional Anaesthesia Procedural Skills Assessment Tool. Anaesthesia, 70, 1401–
1411. http://dx.doi.org/10.1111/anae.13266 
Clark, K., & Kalin, S. (1996). Technostressed out? How to cope in the digital age. Library 
Journal (1976), 121(13), 30. 
Clem, D. W., Donaldson, J., Anderson, S., & Hdeib, M. (2013). Role of spatial ability as a 
probable ability determinant in skill acquisition for sonographic scanning. Journal of 
Ultrasound Medicine, 32, 519–528. 
https://onlinelibrary.wiley.com/doi/pdf/10.7863/jum.2013.32.3.519 
Code, M., & Burkard, J. (2016). Too anxious to learn? Should the ongoing debriefing technique 
be amongst the best practices in simulation? Journal of Anesthesia & Critical Care: 
Open Access, 4, 00125. http://dx.doi.org/ 10.15406/jaccoa.2016.04.00125 
Cohen, B., & Brook, L. (2004). Essentials of statistics for the social and behavioral sciences. 
Wiley. https://ebookcentral.proquest.com 
Council on Accreditation of Nurse Anesthesia Education Programs. (2019, October 11). 
Standards for accreditation of nurse anesthesia programs. https://www.coacrna.org/wp-
content/uploads/2020/01/2004-Standards-for-Accreditation-of-Nurse-Anesthesia-






Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135–168. 
http://dx.doi.org/10.1146/annurev-psych-113011-143750 
Duce, N. A., Gillett, L., Descallar, J., Tran, M. T., Siu, S. C., & Chuan, A. (2016). Visuospatial 
ability and novice brachial plexus sonography performance. Acta Anaesthesiologica 
Scandinavica, 60, 1161–1169. http://dx.doi.org/10.1111/aas.12757 
Eastwood, C., & Moore, D. (2010). A simple, inexpensive model for the practice of ultrasound- 
guided regional anesthesia techniques. Regional Anesthesia and Pain Medicine, 35, 323–
324. http://dx.doi.org/10.1097/AAP.0b013e3181d236c8 
Ende, J. (1983). Feedback in medical education. Journal of the American Medical Association, 
250, 777–781. http://dx.doi.org/10.1001/jama.1983.03340060055026 
Eysenck, M., Derakshan, N., Santos, R., & Clavo, M. (2007). Anxiety and cognitive 
performance: Attention control theory. Emotion, 7, 336–353. 
http://dx.doi.org/10.1037/1528-3542.7.2.336 
Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G* Power 3: A flexible statistical 
power analysis for the social, behavioral, and biomedical sciences. Behavior Research 
Methods, 39, 175–191. http://dx.doi.org/10.3758/BF03193146 
Field, A. (2013). Discovering statistics using IBM SPSS statistics. 
https://bookshelf.vitalsource.com/books  
Gaudron, J.-P., & Vignoli, E. (2002). Assessing computer anxiety with the interaction model of 
anxiety: Development and validation of the computer anxiety trait subscale. Computers in 






Gray, J., Grove, S., & Sutherland, S. (2016). Burns and Grove's: The practice of nursing 
research: Appraisal, synthesis, and generation of evidence (8th ed.). Elseviar.  
https://www.elseiver.com 
Harvey, A., Bandiera, G., Nathens, A., & LeBlanc, V. (2011). Impact of stress on resident 
performance in simulated trauma scenarios. Journal of Trauma, 72, 497–503. 
http://dx.doi.org/ 10.1097/ta.0b013e31821f84be 
Hebard, S., & Hocking, G. (2011). Echogenic technology can improve needle visibility during 
ultrasound-guided regional anesthesia. Regional Anesthesia and Pain Medicine, 36, 185–
189. http://dx.doi.org/10.1097/AAP.0b013e31820d4349 
 Johnson, A. N., Peiffer, J. S., Halmann, N., Delaney, L., Owen, C. A., & Hersh, J. (2017). 
Ultrasound-guided needle technique accuracy: Prospective comparison of passive 
magnetic tracking versus unassisted echogenic needle localization. Regional Anesthesia 
and Pain Medicine, 42(2), 223–232. https://doi.org/10.1097/AAP.0000000000000549 
Kantak, S. S., Fisher, B. E., Sullivan, K. J., Knowlton, B.J., & Winstein, C. J. (2010). Neural 
substrates of motor memory consolidation depend on practice structure. Nature 
Neuroscience, 13, 923–925. https://doi.org/10.1038/nn.259642, 223-232. 
http://dx.doi.org/10.1097/AAP.0000000000000549 
Kantak, S. S, & Winstein, C. J. (2012). Learning–performance distinction and memory processes 
for motor skills: A focused review and perspective. Behavioural Brain Research, 228, 
219–231. https://doi.org/10.1016/j.bbr.2011.11.028 
Kilicaslan, A., Topal, A., Tavlan, A., Erol, A., & Otelcioglu, S. (2014). Differences in tip 






study with inexperienced anesthesia trainees. Journal of Anesthesia, 23, 460–462. 
http://dx.doi.org/10.1007/s00540-013-1720-7 
Kim, S. C., Hauser, S., Staniek, A., & Weber, S. (2014). Learning curve of medical students in 
ultrasound-guided simulated nerve block. Journal of Anesthesia, 28(1), 76–80. 
http://dx.doi.org/10.1007/s00540-013-1680-y 
Kim, E., Min, J., Song, K., Song, J., & Byon, H. (2016). The effect of electromagnetic guidance 
system on early learning curve of ultrasound for novices. Korean Journal of 
Anesthesiology, 69, 15–20. http://dx.doi.org/10.4097/kjae.2016.69.1.15 
Kim, E., & Tsui, B. (2019). Simulation-based ultrasound guided regional anesthesia curriculum 
for anesthesiology residents. Korean Journal of Anesthesiology, 72, 13–23. 
http://dx.doi.org/10.4097/kja.d.18.00317 
Kluger, A., & DeNisi, A. (1996). The effects of feedback interventions on performance: A 
historical review, a meta-analysis, and preliminary feedback intervention theory. 
Psychological Bulletin, 119, 254–284. http://dx.doi.org/10.1037/0033-2909.119.2.254 
Krogmeier, C., Mousas, C., & Whittinghill, D. (2019). Human–virtual character interaction: 
Toward understanding the influence of haptic feedback. Computer Animation and Virtual 
Worlds, 30, 3–4. https://doi.org/10.1002/cav.1883 
Lerman, I., Halaszynski, T., Dai, F., Guirguis, M., & Narouze, S. (2014). Ultrasound-guided 
regional anesthesia simulation and trainee performance. Techniques in Regional 
Anesthesia and Pain Medicine, 18, 110–117. http://dx.doi.org/10.1053/j.trap.2015.10.008 
Liu, Y., Glass, N. L., Glover, C. D., Power, R. W., & Watcha, M. F. (2013). Comparison of the 






with different phantom models. Simulation in Healthcare, 8, 368–375. 
http://dx.doi.org/10.1097/SIH.0b013e318299dae2 
McKay, K., Buen, J., Bohan, K., & Maye, J. (2010). Determining the relationship of acute stress, 
anxiety, and salivary alpha-amylase level with performance of student nurse anesthetists 
during human based anesthesia simulator training. AANA Journal, 78(4), 301–309. 
McVicar, J., Niazi, A., Murgatroyd, H., Chin, K., & Chan, V. (2015). Novice performance of 
ultrasound-guided needling skills effect of a needle guidance system. Regional 
Anesthesia and Pain Medicine, 40, 150–153. 
http://dx.doi.org/10.1097/AAP.0000000000000209 
Mikulincer, M., Kedem, P., & Zilkha-Segal, H. (1989). Learned helplessness, reactance and cue 
utilization. Journal of Research in Personality, 23, 235–247. 
http://dx.doi.org/10.1016/0092-6566(89)90026-3 
Minehart, R., Rudolph, J., Pian-Smith, M., & Raemer, D. (2014). Improving faculty feedback to 
resident trainees during a simulated case. Anesthesiology, 120, 160–171. 
http://dx.doi.org/10.1097/ALN.0000000000000058 
Molloy, E., & Boud, D. (2014). Feedback models for learning, teaching and performance. In J. 
Spector, M. Merrill, D. Elen, & M. Bishop (Eds.), Handbook of research on educational 
communications and technology (4th ed., pp. 413–424). Springer. 
https://www.link.springer.com 
Moore, D., Ding, L., & Sadhasivam, S. (2012) Novel-real time feedback and integrated 
simulation model for teaching and evaluating ultrasound-guided regional anesthesia skills 







Naik, V., Perlas, A., Chandra, D., Chung, D., & Chan, V. (2007). An assessment tool for brachial 
plexus regional anesthesia performance: Establishing construct validity and reliability. 
Regional Anesthesia and Pain Medicine, 32(1), 41–45. 
http://dx.doi.org/10.1016/j.rapm.2006.10.009 
Nicol, D., & Macfarlane-Dick, D. (2006). Formative assessment and self-regulated learning: A 
model and seven principles of good feedback practice. Studies in Higher Education, 31, 
199–218. http://dx.doi.org/10.1080/03075070600572090 
Nielson, B., & Harder, N. (2013). Causes of student anxiety during simulation: What the 
literature says. Clinical Simulation in Nursing, 9, e507–e512. 
http://dx.doi.org/10.1016/j.ecns.2013.03.003 
Noto, Y., Sato, T., Kudo, M., Kurata, K., & Hirota, K. (2005). The relationship between salivary 
biomarkers and State-Trait Anxiety Inventory score under mental arithmetic stress: A 
pilot study. International Anesthesia Research Society, 101, 1873–1876. 
http://dx.doi.org/10.1213/01.ANE.0000184196.60838.8D 
O'Sullivan, O., Shorten, G. D., & Aboulafia, A. (2011). Determinants of learning ultrasound-
guided axillary brachial plexus blockade. The Clinical Teacher, 8, 236–240. 
http://dx.doi.org/10.1111/j.1743-498X.2011.00471.x 
Oxford English Dictionary. (n.d.). Performance. In Oxford English dictionary online. Retrieved 
September 28, 2020, from https://www-oed-com.ezproxy.library.unlv.edu/view/Entry/ 
140783?redirectedFrom=performance 
Peters, M., Laeng, B., Jackson, M., Zaiyouna, R., & Richardson, C. (1995). A redrawn 
Vandenberg and Kuse mental rotations test - Different versions and factors that affect 






Ragu-Nathan, T. S., Tarafdar, M., Ragu-Nathan, B. S., & Tu, Q. (2008). The consequences of 
technostress for end users in organizations: Conceptual development and empirical 
validation. Information Systems Research, 19(4), 417–433. 
https://doi.org/10.1287/isre.1070.0165 
Reynolds, P. D. (1971). A primer in theory construction. Paul Davidson Reynolds and the 
Bobbs-Merrill Company, Inc, USA. 
Reznick, R. (1993). Teach and testing technical skills. American Journal of Surgery, 165, 358–
361. http://dx.doi.org/10.1016/S0002-9610(05)80843-8 
Salanova, M., Llorens, S., & Cifre, E. (2013). The dark side of technologies: Technostress 
among users of information and communication technologies. International Journal of 
Psychology, 48, 422–436. https://doi.org/10.1080/00207594.2012.680460 
Salazar-Concha, C., Ficapal-Cusí, P., Boada-Grau, J., & Camacho, L. J. (2021). Analyzing the 
evolution of technostress: A science mapping approach. Heliyon, 7(4), e06726–e06726. 
https://doi.org/10.1016/j.heliyon.2021.e06726 
Sanders, A. E., & Lushington, K. (2002). Effect of perceived stress on student performance in 
dental school. Journal of Dental Education, 66(1), 75–81. https://doi.org/10.1002/j.0022-
0337.2002.66.1.tb03510.x 
Schwenkmezger, P., & Steffgen, G. (1989). Anxiety and motor performance. In B. Kirkcaldy 
(Ed.), Normalities and abnormalities in human movement (pp. 78–99). Karger. 
Slater, R., Castanelli, D., & Barrington, M. (2014). Learning and teaching motor skills in 







Sermeus, L. A., Sala-Blanch, X., McDonnell, J. G., Lobo, C. A., Nicholls, B. J., van Geffren, G. 
J., Choquet, Iohom, O., de Jose Maria Galve, B., Hermans, C., & Lammens, M. (2017). 
Ultrasound-guided approach to nerves (direct vs. tangential) and the incidence of 
intraneural injection: A cadaveric study. Anesthesia, 72, 461–469. 
http://dx.doi.org/https://doi.org/10.1111/anae.13787 
Shafqat, A., Ferguson, E., Thanawala, V., Bedforth, N., & McCahon, R. (2015). Visuospatial 
ability as a predictor of novice performance in ultrasound-guided regional anesthesia. 
Anesthesiology, 123, 1188–1197. http://dx.doi.org/10.1097/ALN.0000000000000870 
Shafqat, A., Rafi, M., Thanawala, V., Bedforth, N., Hardman, J., & McCahon, R. (2018). 
Validity and reliability of an objective structured assessment tool for performance of 
ultrasound-guided regional anaesthesia. British Journal of Anaesthesia, 4, 867–875. 
http://dx.doi.org/10.1016/j.bja.2018.06.014 
Simulab Corporation. (2021, August 10). Regional anesthesia trainer with 
SmarTissue training package & articulating head. Simulab© Almost Human. 
https://simulab.com/collections/regional-anesthesia-trainers/products/regional-anesthesia-
smartissue-training-package-articulating-head 
Sites, B., Chan, V., Neal, J., Weller, R., Grau, T., Koscielniak-Nielsen, Z., & Ivani, G. (2010). 
The American Society of Regional Anesthesia and Pain Medicine and the European 
Society of Regional Anaesthesia and Pain Therapy Joint Committee recommendations for 
education and training in ultrasound-guided regional anesthesia. Regional Anesthesia and 
Pain Medicine, 35, S74–S80. http://dx.doi.org/10.1097/AAP.0b013e3181d34ff5 
Sites, B., Spence, B., Gallagher, J., Wiley, C., Bertrand, M., & Blike, G. (2007). Characterizing 






anesthesia. Regional Anesthesia and Pain Medicine, 32(2), 107–115. 
http://dx.doi.org/10.1016/j.rapm.2006.11.006 
Spielberger, C. D., Gorsuch, R. L., Lushene, R., Vagg, P. R., & Jacobs, G. A. (1983). Manual for 
the State-Trait Anxiety Inventory. Consulting Psychologists Press. 
Sultan, S., Iohom, G., Saunders, J., & Shorten, G. (2012). A clinical assessment tool for 
ultrasound-guided axillary brachial plexus block. Acta Anaesthesiologica Scandinavica, 
56, 616–623. http://dx.doi.org/10.1111/j.1399-6576.2012.02673.x 
Swenson, J., Klinger, K., Pace, N., Davis, J., & Loose, E. (2016). Evaluation of a new needle 
guidance system for ultrasound: Results of a prospective, randomized, blinded study. 
Regional Anesthesia and Pain Medicine, 41, 356–361. 
http://dx.doi.org/10.1097/AAP.0000000000000390 
The New York School of Regional Anesthesia. (2016, June 9). Physics of ultrasound for 
regional anesthesia [Film]. https://youtu.be/VuFG6gJ3LBs 
The New York School of Regional Anesthesia. (2013, September 19). Ultrasound-guided 
interscalene nerve block [Film]. https://youtu.be/Zke6938Y1k4 
Tielens, L., Damen, R., Lerou, J., Scheffer, G., & Bruhn, J. (2014). Ultrasound-guided needle 
handling using a guidance positioning system in a phantom. Anaesthesia, 69, 24–31. 
http://dx.doi.org/10.1111/anae.12461 
Udani, A., Kim, T., Howard, S., & Mariano, E. (2015). Simulation in teaching regional 







Vandenberg, S., & Kuse, A. (1978). Mental rotations, a group test of three-dimensional spatial 
visualization. Perceptual and Motor Skills, 47, 599–604. http:// dx.doi.org/ 
0.2466/pms.1978.47.2.599 
Weil, M. M., & Rosen, L. D. (1995). The psychological impact of technology from a global 
perspective: A study of technological sophistication and technophobia in university 
students from twenty-three countries. Computers in Human Behavior, 11(1), 95–133. 
https://doi.org/10.1016/0747-5632(94)00026-E 
Winstein, C. J., & Schmidt, R. A. (1990). Reduced frequency of knowledge of results enhances 
motor skill learning. Journal of Experimental Psychology. Learning, Memory, and 
Cognition, 16, 677–691. https://doi.org/10.1037/0278-7393.16.4.677 
Wong, D. M., Watson, M. J., Kluger, R., Chuan, A., Herrick, M. D., Ng, I., Castanelli, D., Lin, 
L., Lansdown, A., & Barrington, M. J. (2014). Evaluation of a task-specific checklist and 
global rating scale for ultrasound-guided regional anesthesia. Regional Anesthesia and 









Joseph Janakes, Ph.D., CRNA 
 
College of Nursing 
Nurse Anesthesia Program 
Samuel Merritt University 





University of Nevada, Las Vegas, NV 
Ph.D., Nursing Education, 2021 
 
Samuel Merritt University, Oakland, CA 
MSN, Nurse Anesthesia, 2006 
ABSN, Nursing, 2003 
 
University of California, Davis, CA 
BA, Political Science, 2001 
 
Clinical and Work Experience 
 
Samuel Merritt University, Oakland, CA 
Program Director, Nurse Anesthesia Program, 2017-Current 
Associate Professor, Nurse Anesthesia Program, 2016-Current 
Program Clinical Coordinator, Nurse Anesthesia Program, 2013-2017 
Associate Director, Nurse Anesthesia Program, 2012-2017 
Instructor, Nurse Anesthesia Program, 2012-2015 
 
The Permanente Medical Group, Oakland, CA 
Staff Anesthetist, Kaiser Medical Center San Leandro and Fremont, 2006-Current 
 
Certifications and Licenses 
 
National Board of Certification and Recertification of Nurse Anesthetists, 2006-Current 
Certified Registered Nurse Anesthetist, California License #3459, 2006-Current 
Registered Nurse, California License # 616751, 2003-Current 
 
